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Orungo virus, a hithorto undescribed virus, firat isolated

: ;—ﬁb‘[@f\m mosquitocs cmight off human bait in
Uganda was studied by biochemical, biophysical and sero-

|
" s
§n

pidemiological mothods, These studios werc condusted to

- ©olansify Orungo virus, dotermine antigonic difforencos betwoen

g0 virus strains, and detormine the host range and oxtont of
infeotion of Orungo virus in man and animals in Nigoria. The

‘tochniques employed included reactions of Orungo virus to physical
I and chemiocal agents, elootron microscopy, to determine the

ultrastructure of tho virus, noutralization tostes in now-bom-

‘mica, comploment fixation, homagglutination and sgar gel precipi-

, htim toste. Othoer tockniquos used were plaque formation in

ﬁiulm culturc, exporimental infection of laboratory animnls and
tranmmigeion etudics with arthropods.

Orungo virus, with a virus particle size of 63nm and an
doopehodral capaid construction was found to be similar $n all
ilﬂhl‘l.lnut porphologr and morphogoncsis to tho orbivirises - a

ap of virusos which aro soxologically unrclated but moxrpholo-
and morphogenctically idontical. Orungo viruo sharva
orbiviruecs, the ocommon proporty of relative stability
to 1ipid golvonts and sodium dosoxycholato, lability at pH 3.0
antigenic relationship to any of tho major sorologic

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

-
and lack of
—n-I R s



P A=

LA

p Ay B and Bumyanmwora. Orungo virus was found to bo thermo-
e _ _
ile at 56°C, sensitive to UV irradiation and trcatment with

17y
.--'r

%0 The hont range suscoptibility inolude the Swiss
ino misa, hamstors, lambs and rabbits. Sparrows and day old

‘ohicks neithor circulated virus nor developed antiboty following

inoculation with Orungo virus.

~ Orungo virus multiplics with rosultant CPE in Vero and

"HIK-21 cell linoa, tut not in Aodos albopictus cell ocultures.

tranmission of Orungo virus wos achioved with Aedos

opictus and Aocos aogypti mosquitoos inoculated by the intra-
' thoracic routo.
Orungo virias docs not show homagglutinating astivity,

‘howover by CF, and N tests varying dogrocs of differoncos wore

I deponatrated betwoon the Orungo virus strains. In ACD tosts,

' thore was a completo linc of idontity with all the strains.
Strain 060974 previously roported as a strain of Orunge virus
was found to bo Tataguine virus.

YHoutralizinz antibodics to Orungo virus werc dotocted in tho
sora of man and aninals collectod fronm difforont parts of Nigeria.
There was an inoreasing trond in provalonce rato from tha wot
¢ d aron to the drior savannah regions. In addition thre
provalence of antibedy inoransed with age.

_ The commonly described symptoms of Orungo virus infocticn axo
1 ﬂuﬂ duration, myalgia, hoadache and occasional
of tho lowur extrenitiom.
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Trofossor A. Pabiyi, the Dircctor of the Virus Rosoarch Laboratory
who suporvised the investigations on Orungo virus.

Dr., G. B. Kirya, who ns the Head of the Department of
Arbovirology of the East African Virus Rescarch Institute gave
his vory strong support for tho study of this virus, desorves no
loss an opprooiation. Ho, it was, who gave the initial courage
to embark on this projcct.

In the procoos of studying Orungo virus, I had tho priviledge
and tho rarc opportunity of working with cminent scientists (too
nuncrous to 1ist) in throo of the bost rescarch laboratorics in
the Unitod States of Amorica. I wish to place on record my heart-
folt gratitudo to all my frionds and colleagucs at the Special
Pathogona Division and the Viropathology Divieion of the Contre
for Disease Control (CDC) Atlanta, Goorgin; tho Veotor Bome

Disepsos Division of the CDC at Fort Collins, Colorado; and tho

Yale Arbovirus Roscarch Unit of the Dopartment of Epideniology and

Tublio Hoalth, Yale University Sohool of Medicine, New Haven,
. mt, U.S.A. They gavo oo muoh of their timo and onergy

1p momeonc who was particularly in a hurry. To =y colloaguoan
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niveraity of Tbaden and the Virus Rescarch Laboratory in
ficular who sacrificed timo and matorial to sco the studies
ingo virus come to fruition, I expross a sincere grotitude.
“lithout a happy homo to return to, or a tendor loving care
to blunt the sharp cdges of frustration and dissppointment of
rosearch, I might not have completod those studies. To doar
© Omowumi, my wifo, and Olanrowaju, my son, you both told me it was
|| worth all tho whilo. Thank you both sc very much., I just wonder
|| what I m& have dono without you both,
My sincore gratitude to Dr, P. Tukoi, of the East African
I "I'h.'u.l Roscarch Institutc, Entebbe, Uganda who consonted to the
| uso of Orungo, as the name for the virus undor study, otherwise
those would have boen the studics of n nomcleoss virue.
Under a coating of modoety, I wish to pat mysolf on the book,
for a job well done, just in case no-one renombora my o'm contri-

butions.
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prefix for virus isolate from animale :

profix for virus isolated from arthropods
bovine albunin in borate salinc
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East African Virus Rescarch Institute

prefix for virus isolatc from hunman

hcnagglotination
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izno pouso apscitio fluid
intracerobral

intraperitoncal
intravenous

logapithn of noutralizing index

nuaber

post inooulation

suboutancous

= rovolutions por minutc

» Yale Arbovirus Noscarch Unit.
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ABBREVIATIONS
A = profix for virus isolate from animals '
AR = profix for virus isolated from arthropods
) BABS = bovine albunin in borate saline
BA/PS = bovine albumin diluont with penicillin and stroptomyoin
L = betapropiolactone
BES = balanced salt solution
CF = gonplement fixation
.. dox = oquivalont to logarithn to base 10
'l.k- BAYRI = DBast African Virus Rescarch Instituto
L H = prefix for virus lsolate from human
pe’ ' ;m = honagglutination
HAI/HI =

hemagrlutination-inhibition

TMAP = {mnne mouse ascitio fluid
i IC = intracorcbral
I»r = intraperitoncal
IV = intravenous

logarithn of noutralizing indox
nuobor

post inooulation )
guboutanooun
rovolutiono por ninuto

- -an Arbovirus nﬂlm.ﬁﬂh Unit.
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CHAPTER 1

INTRODUCTION

‘The Virus Rescarch Laboratory in Ibadan was ostablished in

)64, principally for the following objoctivoa:

(1) To determine the incidence and pruvalonce of arbovirumsos
in Nigeria.

(2) To loarmn tho significance of such viruses to man and

h domostic animnlo.

(3) To study the epidemiology of thope viruscs which play
pignificant rolo in the hoalth and coonomics of man and

aninale,

[l
(4) To considor the application of control moasurcs basod

upon tho knowlodge obtained in pursuing those objoctives,
Batweon 1964 and 1971 over sixty different types of viruscs

Wwero isolated from man, aninnls and arthropods. Somc of those

virusos werv isolated for the first time in the world., Tho groups, <
‘namcs and Ibadan prototype numbers of tho viruscs isolatoed in

Higoria axc shown in Table 1. It would thoroforc appoar that to

A large oxtent, tho first objcctive for cstablishing tho Virus

J;hh:ag:mh Laboratory had beon achiowvod.
'_;,. ¢m from what was known about tho alrondy ostablishod
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,'_: in, ?ms-mnm ns Sabo, Kotonkan or Igbo-Ora, no
'omation was available as rogards thoir significanco to man
'Mfm-ﬁummu nor was any information availablc as to the
‘opidenjology of the virusos in Nigoria, not to montion appliecation
of control moasures for such virus infcotions. In addition, moro
‘than 7 viruses had not ovon beon classifiecd as to virus group.

In short, the othor throo objcotivos for establishing the Virus
ﬁﬂlbmh Laboratory wera ptill to bo achioved., Thoe presont studics
on the biophyeical, biochomical and opidemiologicnl charactoristics
of the virus originally designatod as Ughl' 359, Tillians et al.
.(-1962). but now knowvn na Orungo virus, Tonori (1976) arv the begin-
ning of attompts at tho realisation of the othor objoctivos for
ostablishing the Virus Research Laboratory.

Orungo virus wns firat isolated from a pool of Anopholes
noequitoes cavght on hunan bait at Orungo, Teso District of Uganda
(11lians ot al. op oit.). However, apart from this original
isolata, no othor straine of the virus has to-datc boen isolnted

in Vganda from any of tho thousands of mooquito collection and

ather specimens procossod for virus isolation. Morcover, seorclogical
ml carricd out in Uganda havo rovoaled noither clinical nor
w infcotionu of man by tho agont [K:Lm G.B. porsonal

oation, 1972). 1In Nigoria, on the other hmd., a difforont
@m exiats. Botwoen 1966 nnd 1974, 10 strains of a virus

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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shable by comploment fixation (CF) toet from the
prototype Orungo virus strains have boen isolated from man and

mosquitoos in difforent parts of Nigoria (Univorsity of Ibndan
Arbovirus Rescarch Projeot, Annual Report, 1972).

In 1972, throc outbresks of a human disoasc charactoriscd

by nousca, vonitting, myalgia, hoadache, and fever of 3~7 days
duration werc reported from tho Jos aroa of the Bonue Platean

Btate of Nigoria, Fabiyi ot al. (1975). Although no virus woa

isolatod from samplos colloctod during theme outbronks, ovor 60%

of thoso nffccted ronctod with pignificantly high CF antibody

titros to Orungo virus only, thus domonatrating rccent infection
by thoe virus, Two doaths worc roportod during thoe outbroaka,

howevor, the relationship of thoso doathe to the roported outbroak
is not clcar. Monath and co-workors, (1972) isolatcd three strains

of Orungo viruc from blood of fobrilo pationts collected in tho
Annmbra Stato during an opidemic of o hunan discaso with signo

sirnilne to thoso of tho Jos cpidemic, Antibodics to Orungo virus

werm dotocted in the sora of othor pationte colloctod at tho timo
of &1’.. ﬂpiﬂﬂﬂiﬂ-

Soveral reports of suspoctod outbroake of yellow fevor woro
invegtigated in 1973 and 1974 at Mabudi aroa a new pottlement
locnted some 300 ks, from Jos at the baso of the PMlatecau, Rooulte

of thope invostigations showed that Orungo virus was also activo
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out tho samo time as tho yollow fover outbroak, Tomori
it al. (1976). Sinilarly, during investigations into a dengue-
I _ﬁﬁ'ﬁh outbreak in hunans at Abeockuta, Orunge virus was isolatcd
from a fobrile 13 year old girl, Pagbanmi ct al. (1976). In
l!.p‘d.n therefore, Orungo virus appoars to constitute a public
hoalth harzard to tho magnitude of ite boing considored a human
infectious ngont caunsing outbrenks or cven epidemice. Morcover,
tht tondency of Orungo virus to appear along with othor well kmowm
viral discasc from which differcntinl dingnosis is difficult nakes
Orungo virus worthy of a detailed study oo no to throw more light

on its role as an agont of hunman discasc.

ORJECTIVES AND ATHS OF THIS STUDY

It 18 proposed to study Orungo virus using biochcnmieal,

blophysical and soro-immmunologie mothoda with reforence to:

1. Telationship to other virusos.

2. Antigonie annlyscs of Nigorian strains of Orungo virus

and conparison with tho original Uganda strain with a
i vicw to dotcoting roasons for the diffcorences in
biological behaviour of tho virus strains in tho two

aroas,

Dotormination of host rnnge of infeootion using laboratory,

dopestic and wild aninals.
DN AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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y HAMES .I‘"J'f.“:“_l.‘!'h“ OF VIRUSES ISOLATED IN
" NIGERIA 1964 - 1971

Chikungunya H 35

Tgbo-Ora H 10964"

Sindbis AN 47929

Somliki Forcst AN 49809

Dakar bat AN B646

Dongue 1 H 28328

Donguo 2 H 11234

.

Potiakun AN 10069
Uganda § AN 8829
‘logsolabron AM 31956
Yost Nilo AN 1067
Yollow fever H 43913
Zika H 20441
Yot typed R 38684
H 75

AR T2850
AR 1792"
AR 15043
AN 14130
ruses firat Lsolated in Nigerda,
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Sabo

Sathupori
Shanonda
Shuni
Orungo
Tataguino
Teto

Rift Valloy fover

Blue tonguo
E.H,D. rvlatod

Abndina

Tu

AN 10065
AN 9976
AN 28558
AN 9398"
AN 5077°
AN 31273
AN 5550"
A 10107*
H 11306
H 9963
AN 32897
AR 55171
AR 27945
AR 22619
AR 22388"
AR 2709
AN 7620

AN 17854
AR 2012

e
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AN 27377°

Dovine cphemeral AN 59639
fover

Rabics All 8574
Kotonkan AR 23380°

African Horsc

sicknoao A 53T
AN 2898 AN 2898"
.F Hoxpea H 21352
| ] NDV AN 20433
: - Poxviruses AN 34325

Coxsackic i 5 H 32075

Coxsackic B 4 H 8874
Echo type 11 H 9214
Ib AN 28946 AN 28946"

Bg Al 1398-61 AN 39652

AN 54157 AN 54157°
E A4 17143 17143 ﬁ
N a 33709

1 41795"
1 51378"



CHAPTER 2

" LITERATURE REVIET
2.1 History of Orungo Virus
For obvious reasons, vory littlc ie known nbout Orungo virus.
The original strain, of the virus designated as UgdP 359 was an
incidental isolation from a pool of 13 Anopheles funestus mosquitocs
caught off human bait at Orungo, Teso District of Uganda, in 1959
during investigations of the O'nyong-nyong fovor opidemic reportod
by Haddow et al. (1960). Not until soven yoars later in 1966, wns
: another strain of the virus isolated this timoe in Nigoria from
¢ '._hlnnd of a febrile child. Betwcen 1966 and 1975, nine other
‘strains of the virus were isolated from man and mosquitocs in
difforent parts of Nigoria., Following the firet isolation of
Orungo virus in Nigeria in August 1966, from hepariniscd blood of
n;' " A fobrilo child at the University College Hospital Genoral Outpa-

tients Clinie (UCHCOF), anothor strain wans ieolatod also from

. 5"‘ ﬁfh.pﬂﬂ-n-!.lﬁd blood of another febrilo child in Novembor of tho n;m
l'“ﬂl'n‘i the UCHGOD., No furthor isolation was pade until 1968,

- when the third isolate of Orungo wae obtaincd from soerun of a

| ‘aiok child (Annusl Report, Virus Roscarch Laboratory, Ibadan,

1959) The only Nigerdan arthropod .iunlntu of Orungo virus oame
m a pool of 17 ﬂlﬁ?mﬂ fomalo J.'i‘ﬂ‘L dentntus nooquitocs collected
5 2 villago noar hl. during follow-up zﬂi.lll:l.‘lﬂlrill on tho vootora of

AF @AN DIGITAL HEALTH REPOSITORY PROJECT
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‘tho 1969 yellow fover opidomic in that area (University of Ibadan
‘ﬂ.:ml Hoesoarch Laboratory, Annual Report, 1970). Four more
'tn_ula‘.fou, all of humnn origin worc isolatod from blood of siok
‘children at Tbadan (1) and East Contral Stato (3), Monath ot al.
(op. cit.). In 1972, and 1973, ono igolation cach from Ilora and
Abcokuta rospeotively was obtaincd from blood of fobrile children.
Ioolations of Orungo virus have only been reported from Uganda,
(1) Migoria (10) and Central African Republic whoro one strain was

ipolated from a pool of Culex porfucus mosquitoos (Robin, Y. and

Surcau, P, personal communications, 1975).

2.2 Identification of the prototypo strain from Uganda
Apart from tho original Orungo virus strain, six other viruscs

were also isolatod during tho O'nyong nyang cpidemic, Four wore
1ater identificd as Dwamba virus strains, and one as Nyando virus,
(74114amn ot al. op. oit.). The last, Tanga virus, was reportod as

a new virue by Joodall ond Tillinms (1967). Initially, workors at

the BAVRI roportod rolationships botwoen Orungo and the othor
Buonba virus straine using CP tests, Howover, further tooting
showud pno relationshipo botwoon Orungo and 27 other viruscs including

Buanba isolated in Africn.
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:ﬂ - The agent killod one-day-old mice in eix days at the original

dnoculation and in four daye at subscquont passages. It passed
through a Gradocol membrane of average pore diamoter (AFD) of
ilabm. Ether sonsitivity vas only 0.8 log difforonce botween
treated and control. Tho findings of tho Ugnnda workors wore
confirmed by other workers at tho Yalo Arbovirus Resoarch Unit
(W) and Orungo virus wos classificd ne a now ungroupcd moequito-
bome virus (YARU, Annual Report, 1959).

Bordon ot al. (1971) aleo confimod the low senaitivity of
Orungo virus to lipid molvents and bascd on this property and tho
lack of antigenic relationship to any major arbovirus serclogic
group A, B, and Punyamwora, Orungo virue was placed along with 9
q:thnr viruscs in the orbivirus taxonomic group. .lthough, there

i 1: no serologlcal inter-relationship betwoen Orungo virus and tho
othor nine virusco of the group, Orunge virus has the typical

©lectronicroscopio morphology of tho orbivirus group (7. Murphy,
personal communications, 1975).

-
2.4 Clinical eymptons assooiatod with Orungo virue infootion

’ ‘Most of tho isolations of Orungo virus worc obtaincd from

at tho Outpatient Clinic, no such follow-up observations
m IR - - n
floult. Then@RnsERiivARPRSARRL HERspee vers fover (387C-

J"'
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"C) of 3~7 daya duration and gonoralised body pains,

Familusi
nﬂﬂ (1972) dosoribed a onsc of a 2-yoar-old Higorian girl, the

‘blood of whom yiclded one of the Nigorian strains of Orungo virus.
‘The child presoented with porsistont fovor and dinrrhea of one month

duration despito troantment with anti-malariale and antibiotics.

On
admisoion, tomperaturce was £0°C with wenkness of the lower oxtre-

pitics. The diarrhea finally subsided with troatment, but fover
poersiated for five days.

Blood panplo colloctod on adnission
yielded a strain of Orungo virus.

The weaknese of the lower

extromitice improved on recovory. It is diffioult to asoribe all
the othor symptons boaides fover to Orungo virus.

Fabiyi ot al. (op. cit.) deseribud throo outbronks of an
epidenic of uman {liness in Jos, Bonuo Platoau State of Nigeria.

Tho discase was charactoriscd by nmuscn, myalgia, hoadache and

fover of 3~7 days duration. Although no virus was isolatoed, over
60 of cases woro positive for Orungo CP antibodios only. Two
doaths whoso relationships to the outbroak was not cloar wore also

roportod in individuals sith the doscribed symptoms at the tiomo of
tho cpldomic.

Furthor sorological cvidenco of infeotion by Orungo virus with

o dotailed doscription of clinical symptoms, was oncountored in

n (Ogunlosi, unpublishod data). The illnces was a short-ters

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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sontin ﬁﬂwmnuu-, musola weokness, papular
ndomoes, A4t tho prosent moment, thoro are no
\-. assoeiated with Orungo virus infcction.

) ono betwoon Orungo virus strains
Ir ;ﬁﬂﬂnm studios, slight antigonic differences have been
- obsorved botwoen Nigerian etpains and tho original strain of Orungo

~virus from Uganda (Mooxo, innual Report, 1969).
-
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CHAPTER 3
- MATERTALS AND METHODS
3.1 Isclation and identification of virus strains

Human blood spécimens wore obtained by finger prick doawn

into heparinized cappilary tubcs. Four or five tubes were filloed
from each patient, closed at one ond with crictocaps and placed

together in a mumbered 12 x 17 mm tube, iThole blood, scrum or both

were diluted 1:4 with a diluont comprining 0,02 ¥ phosphate bufferod
physiological saline (pH 7.2) to vhich was added 0,796 bovino plasma

albumin (Armour fraction V) supplemented with 100 unite/ml of peni-

eillin and 100 microgranms por ml of streptomyoin (BAPS), and

inooulated IC into 2=3 day old baby mioce. Blood specimens, collec-

tod from adults or during cpldemiological investigations in and

out of Ibadan were obtained by vencpuncturv,

Sera were soparated
and kept in liquid nitrogon until arrival in Ibadan,

Blood and
organ collections from wild and donestic animals were also tested

for Orunpgo virus isolation.

Mosquitoos caught by lunan bait or light trap as dosoribed by

Lec (1959) wore pooled by species and stage of feoding eyocle in

nuabers usually nof excoeding 15. Thoy wore thon proconsed by
‘standard tochniquos utilising IC inooulation of baby nice.

Presumptive serclogical identification was attempted on carly
=

brain passages using stock mouso ascitic fluids and orudo
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ntigens diluted in veronal buffer in CF tests. Dafinitive identi-
dcation was made after the homologous immune MAF, and gucrosc-
acotone oxtracted antigon were available, The results of CF tests
were confimed by neutralization tests perfomed in 2-' lay-old

| suckling mice by IC inooulation.

Batween 1966 and 1973, nine straine of Ormngo virus werc
isolated in Nigoria. Eight of those were froo human blood and the
1nst from a pool of Aodes dentatus mosquitocs. These Nigerian
otraine, and two othors, tho prototype strain MP 359 f(rom Anopholes

funestus mosquitocs in Orungo, Uganda, and strain AR B 2078 from
Culex porfuscus mooquitocs in N'dole, Contral African Republic,
are listed in Table 2, by location, sourco and date of collection.
Ono othor otrain, HE0974 originally roported as a strain of Orungo
virus, by Monath ot al. (op. cit.) was found during the course of
thege studicas to be Tataguinc virus,
411 the strainas uscd in those studics, had undergone varying
nuibere of intracercbral (IC) pansage in suckling 2-> 4ay white
Suius albino mice. At the early passagos, virus titers of moaot of
| the strains wore low. To effcot higher virus titers, mouec brain

!{. Iﬂ.‘-.m: at tho lowopt pasoage available wore rapidly and succossively
Ppassaged IC in mice. Briefly, ton-fold serial dilutions of infocted
Each dilution was inoculated into

‘Bouse broins wore mado in BAPS.
tor containing 6 euckling mice. Braine from sick mico st the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



TABLE 2
ORUNGO VIRUS TISOLATES FROM NIGERIA AND OTHER PARTS OF THE WORLD, 1959 - 1973

ISOLATES

-

LOCATION SOURCE DATE OF SAMPLE
COLLECTTON
MP. 359 ORUNGO, UGANDA Anopheles funeostus September 1959
H. 11306 IBADAN, NIGERIA Human 2%, N** Augast 1966
H. 13019 IBADAN , RIGERIA Human L, M November 1966
H, 0115 IBADAN , NIGERIA Human 25 B Anpust 1968
AED- 207 Hiﬁfwr REPUBLIC Culex perfuscus Juy 1969
AR, 52302 JOS, NIGERIA Aedes dentatus Aupast :;?g
H. 54760° TBADAN, NIGERIA Human 155 ] Docesber =
H. 6078L ENUGU-EZIXE, NIGERIA  Huwan 135, M iugun: o'
| H. 50613 ETTEH, NIGERIA Human 15, X :“9: | 19?2
H. €8367 TLORA, NIGERIA Human 6, J:& -
| ABECKUTA, NIGERTA fusan 1, F s




umu

ution were further diluted and inoonlatod into now
of miee starting a dilution a step boelow that which
ylolded tho sick mico. That is if tho last d.ilut.ian ylelding sick

) nmice was a 10 3.0 dilution, mouse brain from this dilution was

serially diluted and inoculated into new baby mice atarting from

o 10 2,0 dilution. This was rcpoated until no significant increasc

in virus titre was noticcd with further passages. Virus pool was

then propared for each isolate for use in tho differont tosts during

the coursc of these studics. Tho pool was propared as follows:

0,02 ml of a 100 infected mousc brain in BAPS was inooulatod IC into

cach of 10 1littors of suckling mice. Thon mioce woro eithor sick or

moribund, the brains wore accptically yomoved. A 20% suspenoion of

infected mouse brain was prepared in BAPS and 0,5 ml disponsced into

arpoules. Tho ampoulos worce dividoed into two groups.

Ampoulos in tho first group wore soalod, rapidly cooled in

1iquid nitrogon and storcd wot frozon at =70° until upcd. Tho

brain sugponsions in the eccond group worv lyophilised in an

Edvard' = Proogo Drycer model EF 03 and stored ot
“ turos until used.

difforent tempora—

% Tho virun titro of cach virus strain vas detorminod by
| w:g 10 fold serially diluted susponsion of cach strain

¢ mice. Tho inoculatod mico worv obocrved for 14 days
. titer was dotomminod by the method of Roed

sonch (1938) and cxprossed in dox (= log 10, Haldano, 1960).
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s extraction of infooted mouso brain antigen
rding to the mothods of Clarke and Casals (1953) was tho source
@Eﬁmﬁ used in this study. Litters of suckling mice wero

d IC, cach mouse rweoiving 0,02 ml of a 10~ & dilution of

iytnnh& mouse brain suspension in BAPS, Mice were obscrved daily

and harvoated when most wore sick or moribund, and hold frozen at

O
=70 C until antigon was proparcd. Wouse braine wore asoptically

removed by suction applied through n 20 ml syringe with an 18 guage

noodle attachmont. The brain harveat colluctod into a universal

bottle, was thon weighod and homogenisod in AX (V/7) of o 0.9

aguecus solution of oucropn. Homogenization was achieved by

3=, minutoe sonication cyclos with a sonifior, cach cycle intor-

sporacd by 1 nimato rost poriods. The homogonized brain suspension

Was noxt added elowly and dropwise into a contimuously agitated

flaask containing chilled ncctone. Final acotono: homogonate

proportion was twonty to one. The flask with tho contont was thon
vigorously shaken and loft for a fow minutos to allow particles to
' . sedimont. The scotonc was thon aspiratod off, and anothor 20 volumes

of frosh ohilled acctone added, and loft ot 4°C for 1 hour. The

ono mm aspiratod off and the precipitate dricd using a
-"-‘-_._ ,tnr 45-60 minutes. All manipulations during oxtraotion
m carried out in leo bath. Thoe dricd residuc was broken

N [ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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L d resuspended in a volune of physiologic saline twion tho wuight

b% bﬂa;lml brain harvoat. The rosuspended reeidue was allowed
‘-ﬁﬁmmmi@t at 4“0. The resultant suspension was centri-

. fuged in a PR 2 Intermational contrifuge at 3,000 rovolutions per

nminute (rpm) for 20 minutos with temperature setting at 4°C. The

supernatant fluid, that is, the antigen, was tranafered to Bijou
bottlos in 1 ml aliquots and storcd at =70°C until uscd.

3.3 tion of immunc ascitic fluids
Trrune mouse ascitic fluld (MAF) was prepared to cach otrain
of Orungo virus in 6-9 woek old Swies albino nmice. Inorcasing
level of immunity was achicved by inoculating mice with 0,2 ml
anounts of ont, two or four intra-poritoneal (1p) injoctions of
4dnactivated or live virue preparations as shown in Table 3.
Inactivated sntigons woro proparcd by the addition of betaproprolac-
tone (FPL) {n distilled wator to = 10¥ suspension of infocted
muckling mouse brain tissus in physiological salino held overnight
at A°C. Pinsl BPL concentration was 0,09 (V/¥). Live virus
preparation waas a 10¥% susponsion of infecoted mouso brain in
physiclogionl salinc. Both tho inactivatod and live virus suspon-
‘eions wore mixed with equal volume of Pruend's couploto adjuvant
| (PCA) as Goscribed by Tikasingh, Spence & Doms (1966), befor each
) mjﬁummuminﬂ-?-l amount by IP
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TABLE 3

INOCULATION SCHEDULES OF ADULT MOUSE FOR T:E PRODUCTION OF DMINE HOUSE
ASCITIC FLUIDS (IMAFS) TO ORUNGO VIRUS STRAINS

INOCULUM

1 SHOT 2 SHOTS L SHOTS

Virus + BPL + FCA Virus 4+ BFL 4+ FCA Virus + BFL + FCA

Sarcome-180/TG Cells Sarcoma=-180/TG Cells Virus + BPL + FCA

-t Viruz + FCA Virus + FCA
= Sarcoma-180/TG Cells
Virus + FCA

‘= Beta-propiolactone,
= Fruend's Cooplete adjuvant,
= no inoculations,




F

.
inoculation as employed by Sartorelli, Fisher and Downs (1966).

'.:‘"_Té_}_-;_';j':i'- g of mice was carried out whon most mice were distended,

g

wecn 1&-12 days aftor tho sarcoma 180 TG injection; thercaftor

B —f-'
.-
L]
G
e |

ApT ping was donc dopending on state of distension of micc. Each
tapping was lightly contrifuged to romove the cclls and the super-
MWﬂm. containing the antibody was storcd frozen at -70%.
Differcnt tappings woro tosted in complement fixation (CF) tosts

. against tho homologous entigen, and pooled according to the lovel of

3.4 Proparation of complemont fixation (CP) tost matoriala
3.4.1 Sheop rodblood cclls
Shoop red blod colls were usod as CF indicator. The whole
blood was collucted in an anticoagulant, Alscver'ssolution, in a
‘proportion of 8.5 ml of blood to 1.5 ml Llseror's solution., The
blood was washod énce in salinc and twiocs in woronal bufforod
Afluont (VED). 4 /% suspengion of washed colls was mado in VED
!!Iill hgt..t 490 wntil uecd, Alsover's solution and VED were

S

-1- i o 2.5 €
~ Sodiun Chlorids 4e2 8
0.5% &
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88.0 g
1000 ml1

~ Dissolye 1 tablet of Oxoid CFT diluont tablot in 100 mls.

—

~ of distilled water with waming.

Pormala for Oxoid (1969) CF diluent tablot
Barbitono 0.575 &
n Sodiua chloride 8.500 g
.1 Magnesiuc chloride 0,168 g
) Calci{un chloride 0,028 g
‘Barbitone soluble 0,185 g

A1l dissolved in 1 litro distillod water to give a pH of 7.2.

r con, Tht sorum was titratod as shown
pd at 4 to 6 pean hemolytic dosos (MID).

L]

-_";.1:‘;*'.- LY

I
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] A
A

ﬂ%’-‘lﬂ of sorun + 9 volumes of VED = 1:10

rec master dilutions 1:10, 1:100 and 1:1000 wore

1 volume of 1:10 serunm 4 9 volumes of VED = 1:100

2 volumes of 1:100 serun + 18 volunes of VED = 1:1000.

~ Prom the above the other heoolysin dilutions were made

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

: Final Volu | Pinal Yolume
Volume of 1:'Q henoly- of hemo= of
of VED hemoly-| sin 1:100 | lysin 1: 100C
dilution heno- | dilution hcemo-
lysin lyoin
1:100 2 1: 1000 2
1: 200 1 1: 1500 2
1: 400 1 1: 2000 2 2
1: 800 1 1: 2500 3 2
1z 3000 2 1
1: 4000 3 1
1: 5000 4 1

._':::_,1 roon temporatury to observe agglutination, Agglutination
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‘should not ocour in 6 MHD of hemolysin and preforably not excced
1: 100 homolyein dilution. To dilutions from 1:1000 to 1:5000 was
addod 1 volume of 1:10 comploment dilution and 1 volume of dilucnt
and incubated at 37°C for 15 minutes. The highost dilution

showing complete hemolysin was taken as 1 MHD.

3.4.3 Cooplcment
Frosh or reconstituted lyophilized guinea pig serunm was tho

source of complement. The complumont was titratcd as followas:
Complonmont diluted to 1:30 was distributcd as shown below into 8

pnaster tubes.

Thbce Mumber
Roagent (m1)
1 2 3 e 5 6 T 8
VBD 129 1B AT 11e6.01:50 e 13 152
1130, Complement (1) o,1 0.2 0,3 0,4 0.5 0.6 0,7 0.8

b
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‘Corresponding titration tubcs were sot up to which 0.2 ml of
L’wmt from cach master tubc was tranaforod. Othor roagents
J“iﬂ added to the tubes as shown below:

Tubo Muober
Reagent (nl)
1 2 3 A 5 6 i 8
Complement (CL) 0.2 0,2 0,2 0,2 0,2 0,2 0.2 0.2
VED 0.1 0.1 0.1 0,1 0.1 0.1 0.1 0.1
4% sonsitized ehoop 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
cells

Pinal yolume of 1:30 c; 4
in 4 .01 0,02 0,03 0,04 0,05 0,06 0,07 0,08

Tho titration tubcs were incubatod in wator bath at 37°C for
30 minutos after which the titration was road, The tube showing
eompletc henolyesis was the ond point which contained 1 mnit of
coiplenont.

Formula for caloulating the corrvct dilution rogquired to give

o

W0 wnits of complonent is as followa:
' ’ X 0.1

the amount of Ci.in the tubo

','ﬂwlnhhﬂnw:minw.himﬂ dilution

- X 0,1 = 1:3
.05 % 2 AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



3.5.1 Red blood ocells

Goosc, goat, shoup, chickon (rooster), Potas and Rhosus monkey,
and hunan orythrocytcs werc tested as HA and HI indicators as used
by Banorjec (1965). 17 mla of blood was collected into 3 ml of
acid-citrate-dextrosc (ACD) anti-coagulant. Goosc and chicken
wore bled from the wing voin, and the rost from the jugular vedn,
The orythrooytcs woro washed /4 tines with ice cold doextrose
gelatin-veronal (DGV) solution, neing 2.5 volumcs of DGV for 1
wvolumc of whole blood for the firet wash, and 3 voluncs DGV foxr
pubscquont weohcs, At oach washing, the susponsion was centrifuged
at 1,500 rpa in the refrigermted PRZ intomational contrifuge for
15 mimites; and supormatant discaxdod. All nanipulations wore
carricd cut in sterilo glasswarc and with aseptic preceutions.

After the ‘th washing tho rcd blood eclls woerc suspondod in DGV

and ctored at 1°C ns o 10¢ susponsion.

3.5.2 Treatoent of imoune pouso anoitie fluid for HAL togtn

3:5.2.1 Kaolin sbeorption
A slurry of 25 percont ksolin waa prvpared by adding 25 gran
. of the acldweshod kaclin powder to 100 ml of borate salino

solat , pil 9.0, with constant nochanical stirring for naxioal
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To 0,4 ml of ascitic fluid wore added 1,6 nl of
8alinoe pH 9.0 and 2,0 nl of the kaolin mixture. The
e was shaken vigorously at 5 minutes interval for 20 minutcs
; xoon temperature and centrifuged at 1,500 rpm for 30 minutcs.
Em lupnmutmt fluid reprosented a 1 in 10 dilution of the original

3!_542-'2' Ace
0.2 ol of immune ascitic fluid was diluted 10-fold with 0,85

por cent salino, To the tube of dilutod irrmune fluid cooled in an
ict water bath was added 2} ml of chillcd mcctono, Extraction was
allowed to take place for 5 ninutcs with intomittont shaking of
tho solution. Tho tube was centrifuged at 2,500 rpn for 5

b ninutcs at 4 G. The supernatant fluild was carcfully aspiratoed fron

the tube and the sodinent was resusponded by vigorously shaking
with mnother 24 ml chilled soctone. Centrifugntion was repcated
and nfter aspiration of the supermatant fluid, the scdinent wan
Aricd wider vacuun at roon temporature for about 30-60 minutes.
The dricd sodiment was rususpended in 1.8 ml borate saline solution
#9«0 %0 make o 1:10 dilution of the original tost imsuns fluid.
The  suspension was allowed to atand overight in tho rofrogorator.



=

IR

. - 1—_ '1"?—:‘9._- ]

ar ico ":-‘J:_. '-i Jh]mr : mn‘ Hnuxptinn oocured
0 minutes with oconsional shaking after which the

pens. -g‘;.mhﬂ ifuged at 1,500 rpm for 10 minutes at 4°c.

R (L egmet

he rosulting supomatant fluid was then roady for tecting.

3.5.3 Reagents for HA and FT tests
y - 411 reagents were preparcd in glass distilled or dominoralizod
'STOCK SOLUTIONS

Fal
A

HaCl B87.675 g
‘Distilled water q.s. ad 1000 ml.

33m3 30.92 g

Distillod water g.s. ad 1000 ml,

P W-D 8
111led wator q.s. ad 1000 ml,

iligmmtle "

263.9
led water q.s. 54 1000 al,
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0.5 M B30 100 nls
1.0 X NaOH 2/, nle
Distilloed water g.s. ad 1000 nls.
B,. Borate-salinc pH 9.3
Senc as for B but used 3} nls of 1,0 NoDJH.
C. Acid-Citrato-Dextrosc (ACD

Sodiun citrate (NABBGBjﬂ « 2 0) 11.26 g
Citric acid (H,C H.0,.H0) 4.0 g
Dextroso 11 11.0 g
Distillcd water q.8. od 500 mls

‘Sterilized by sutoclaving for 10 minutes at 10 1b pressure,

Veronal (Barbital) 0.5 g
1ati 0.60 g
0.3 g
0.02 g
0.12 g.
8.5 &

10,0 g
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*_ —-serum diluent 0.4% bovine albunmin in borate salinoe pH 9.0
@f“!uwlhmin (Praction V).

2 bunin Ag
'iomh paline solution pH 9.0 gq.s. ad 100 ml

43, Antigen-serun diluent: 0.4% BLBS

/66 Bovalbumin pH 9.0 100 mls
. Borate saline solution pH 9.0 900 mls
G. Yirus bing ¢ t (vAD

' Solution 4: 0,154 Nall - 0,024 Na PO,

1,94 ¥aCl 100 ml
2.0M NoJIPO, 100 ml
 Distillea water 8000 ml,

8olution B: 0,154 MaCl ~ 0.2 Nall PO,

1,94 Nel1 1908
M N 100 =1
800 ml.
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L PR s o

~ solution A

Solution B

_ 0.15M Nall - 0.2 Na2P0, 0,13 NaCl - 0.2i NaF2PO,

3.0 ml
12,5
22.0
32.0
45.0
55.0
64.0
72.0
79.0

97.0 nl
87.5
78.0
68.0
55.0
45.0
36.0
28,0

21.0

TR
mi

g Fo
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’-ﬁﬁh thin-laycr gel diffusion method ns described by
Aucrnhoiner and Atchley (1962) were used. The latter is a nicro-

| techniquo for conducting tho Ouchterlony test.

i For the routine Ouchtorlony tost, microscope slides throughly
cleanod in distilled water were left in acctone until used, The
cloan and dry slides werc coatcd with & 0.1 nolton Difco MNoble
agar in distillod water, and left to dry at room temperature over-
night. Threc milliliters of % agar in distilled water containing

a2 fow drops of T of sodiun azide as a presorvative was layered
on cach nlide and allowed to gl at room temperaturc. The slides
woro stored in a hunid chamber at 4 C until used, usually within
two to three daye. Desired pattoms wore cut into tho agar with
a Colman gel punch (Cliniecal electrophorcsias, 1970) and oxtracted
by suction, Tells wore filled with antigon or mousc ascitio
fAuids ~nd d4ffusion allowed to take place at room for 24~18 hours
in o meddificd chamber. Slides were stained with the following dyeo
alter procipitin lincs had dovolopod:
Thiazine rod 0.1 g

B acetic aoid 100.0 ml,
Tho apparatus for tho luvemhoizer and Atchley modification

b : I-'- funi hanber, tﬂpl.ﬁtd‘l and pl natrix forms, The
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diffusion c
- B - - o s T —— L

fa f:‘f*= w' .'l.’m acrylic plastic shoct as described by Auommheimer

and Atehley (op. cit.). Tt was uscd for all steps of slide propa-
tion, diffusion, elution, staining end drying.

Templates were picces of plastic 1" x 1" IT}“ cut from
scrylic plastic sheet, Holes, usually %" disnoter wore drilled
An the plastic picces in the desired pattems. “fell pattorns usod
in this study arc showm in Figure 19.

Gel matrix forms werc strips of vinyl plastic tapes '5"‘ > 211 Li
[ ‘placed cach at ond of the teuplite. Microscope slides wore
= factory precleancd slides left in acctonc until used, A 0,36
Difco Noble agar in distilled wator was coployed to coat tho slides
which wore left in a ncar vertical position to dry at room tcmpora-
ture. Dry precoated slideas were then placed on a support to raisc
then off of the bench top. A gol natrix form wns placed on the
‘slides, tape down, Agarosc (0,9%) at 60-90°C was introducod into
the caplllary space botween the slides and the gel with a Pasteur
Pipetto fittod with o rubber bulb. Lfter atoring in the ooist
fm:‘ until tho agnropsc was woll gellod (usually after 1 hour) ,
\ ﬂ!mmmﬂbxludi:ultnfrhum-m In plaoce
‘ Q r._,;- ol forn a tesplate on the desired woll pattern vas slid
on, starting at onc cdge in order to provent air bubbles froo being
_ Tho wolls wors filled with the appropriate solution of

¥
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ouse ascitic fluid using a capillary tube. The top
llary was placed closc to the bottom of the well and
solution was allowod to gontly flow until the well was full,
‘avoiding nir bubblos., Filled slides werc then placed in the
'Iﬁi'ﬂ:m saturated chanbor and kept at room temperature for
24-AB hours, At the end of the diffusion period, the template
was removed from the slide by flowing a gontle streanm of tap wator
‘over the asscmbly, while the tomplatc was carefully slid off to
onc glde., Deforo staining the elidos, unrccctsd antipgon or nouso
aseitic fluid woro cluted by three to four changes of buffer
solution over a 4 hour period. Slidos werc stainod with 0.1%
. thinzinc Red in B ncetic acid, The buffer for proparing the
b 0.9% ngarosc and for clution was made up of tho following:

Sodiun dihydrogen phosphate {HnH;O, . Hzﬂ) 0.15 g

Disodirm hydrogon phosphato Na HFO, 1.25 g
Sodium Chloride NoCl 8.5 g
Sodlun aszide la.'ll} (prosorvative) 0.2 g
Jater q.8. ad 1000/ L ¢

- Pinal pH is 7.5.
4

e

_-:'5-'_;,_,' Tasuc ou
Throo cstablishod oell linus werv used during the course of
]

'f (VYero) cells, Byrian or Golden Hanstor, Mesooricctus
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1_ dney (mH -21) cells, and fedes albopictus (A. alb.)
cells m voro and BHK-21 cells werc obtained from the American
> Culture Collection and the A, alb, was the Singh. Spring

nam.mum maintained by Dr. S, Buckley at the Yale irbovirus
Bgﬂmhﬂuit, New Haven, Comnecticut, U.S.A.
Stock Vero cell oultures were carried in Roux bottles with
2 growth mediun consisting of 90% Eaglos Mininal Esscntial Medium
(’_ﬂ) with Hank's balanced salt solution (HBSS) and 10 Petal
‘ealf serum (FCS). Culturcs were transfered weekly by a 1:4 split.
Two—ounce flint glass proseription bottles wore sceded with ocoll
suspension from stock culture containing 150,000 cells/ml, cach
bottle rccedving 5 nl. These culturcs werc used for virus assay
3=~} days after scoding tubcs with 1 ml of cell suspension oach,

The stable BHK~-21 ccll linc was grown in Fronch squarc bottles
in a modium conaisting of 90 MEM made up with HDSS and 10§ FCS,
those cultures woro transferred twice weckly by n 1:4 split.

Tube culturce for virus studiocs wore usually proeparcd by seoding

50,000 colle/nl in an outgrowth modiun of MEM: HBSS: FCS at 80:10:10

A. sib. stock oells were maintained in 2-ounce flint glass
mnrs;ﬂ.nu bottlos with 5 nl of Mitsuhashi-Maramorosch (M-M)

»F

w“,mHMiudr-noﬂnﬂmlmduth
o of fresh medimm, For virue assay, oach otock bottle
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2d by o 1:8 split ratio. Mediun was poured off the
pttle and cells detached from glass wall with a "rubber policcman”.
nl of mediunm was added and cell suspension pipetted up and
i ‘down 10-20 times to break cell clumps. To the dispersed colls
1! was added enough mediun to mako up 8 now stock bottles containing
5 ml of cell suspension cach, The bottles wore incubated for
3 doys at room temperaturc by which time the ccll monolayer was
suitable for virus inoculation.

For virus inoculation, the fluid pcdiun was rcmoved from tho
confluent monolayer culturcs and 0,1 nl (tube) or 0.2ml1 (2 ounce
flint glass bottles) of virus dilution was adsorbed for 1 hour at
37°C or roon temperature. This was followed by the sddition of
MEM with 2% PCS for Vero or BAK-21 cells, and the M- pmedium for

4. alb, cclls.
for plaguo formation assays, freehly preparcd nmutrient agar
overlay modius was ndded to confluonmt monolayer oulturo after
virues adeoxption. Two proccdures werc employcd for overlaying °
intected monmolayor cultures, The singlo overlay medium in which
‘ nutral red dye was incorporated and tho double overlay consisting
‘ | of an initial modiun without neutral rod and a sccondary mediun

[ ll‘ - with noutrel red.
Esoh 2 ounce bottls rocciwed 5 nl of the mingle overlay or
‘o hmﬁﬂ and 2 nls of tho socondary over ay modium .
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ter and kopt for long periods at 2°C,

.B'.'IIHTIDH A

NaH RO, .H,0 2.50 g
mz-ﬂzn 1.25 g
KC1 2.50 g
Call, B0 2.5 g
NaCl 87.5 e.

Demineraliocd distilled water q.s. ad 1000 ml,

m B
“_ \-5" o

1.5 g
2L ﬂll‘tilll"ﬂ wvator 0. ad 1000 ml,
- :‘iI-I (SINGLE STR-¥GTH) MEDIUM
3 i 1itre flask, add  J
oxtross 5.0 g
_. - ‘n." 'I " i - 1 3 I 6415.
; ‘ii, B

Doniniprdd St AR A Foke s NG 1.




el AATA i i P ..
aatoly 80°C in a water bath and allow to cool. Then add
g r -- et G Wy
Solution A 100 nl

—

100 nl.
ize by Ciltration through a Seitz-type pad throuch which
. of isotonic salinc had beon passed prior to filtration of

Mo 800 ml of the filtercd basic medium is added -
Heat inactivated fetal calf serum 200 nl
Antibiotic solution 10 ml.

The antibiotic solution contains 10,000 units of penicillin/ml
‘and 10,000 micrograns of streptomycin/ml.

3.8.2 Rinuaini's salt solution

This is uscd for rinsing A. 8lb, culturc following virus
e 0.8 g
0.02 g
0.005 g
D1 g 2
0.1 6
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otio solution 10.0 ml.
r .( 'iiw_ 100 ‘unitnfnl

Storilised by filtration before adding antibiotic solution.

3.9 Ireparation of overlay medius for plague assay of Orungo virus
Agar overlay mediun Mediun ¥ 199 (TOUELE STRENGTH)

10 x M199 with Earle's basc 200 ml
Inactivated fotal calf serun 20 ml
Antiviotic solution (to give

' 100 units/ml of penicillin and 4 ml
1 100 ugn/ml of streptomycin)
Pistilled water q.s. ad 1000 ml,

Zh agar eolution

Difco Boblo Agar 20 g
- : ~ Distilled wator 1000 ml.
Autoclave at 10 1b prsagare for 15 alnutos.




"
i

r;‘nq_ ==

_-,‘f’ml‘thi coylindor add -
 NaHCO. 3 ol

. m%*(ﬂ)mﬁm g.s. ad 250 nl
Weutral Red (1:30) 3.5 ml
M199 (2X) modium q.s. ad 500 ml.

To another 500 ml graduated cylinder add -
B TEAE-doxtran 30 ml
2% Noble agar 500 ml.
Mix content of both cylindors and in a flask and hold in a
44“0 watexr bath while in usc,
Iniﬁnl overlay
a‘lb-'a 500 ml graduated cylinder add -
¢ (B 0 ml
‘-q‘ mw (2x) :ﬂd.i.m q.5. ad 500 ml,
;\

,}

;Mﬂm&aaﬂhﬂum-
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overlay (added 3rd day after virus inoculation)
To a 500 ml graduated cylindor aad -

T lhﬂma 30 ml

H199 (2X) pediuwn q.s. ad 250 m1

B Neutral rcd 4 ml

199 (X) medium q.s. ad 500 ml
To anothor 500 nl graduated cylinder add —

% DEAE-doxtron 30 ml

&t Noble agar q.s. ad 500 ml,

Mix contente of the 2 cylinders in a flask and hold in a

44°C wator bath whilo in usc,

3410 Suscoptibility studios with Orungo virus
i 8ix cxperinental animals wore used in the host range suscop-

tibllity studics with Orungo virus. Those wore white Swiss albino

Bice, hamsters (Mesooricetus auratus), whito rabbit (Oryotolagus
_w laabe, domcstic sparrow (Pagser donmcsticus) and
. ‘-Iqwq;ehm. (Gallus domosticus).

. Tho white Swiss albino mice wore maintaincd in the Virus

nging from one day old to 3—week old. Hamstors wore
*Hn oolony maintained at the Veotor Borme Disoase
JBID) of tho Contrv for Diseass Control at Port Collins,



Mﬂm observed in the laboratory for ten
E. .t:.'ua of any obvious discasc prior to commence-
. Tho adult sparrows were wild caught birds
Baby chicks worc

ob “fi“"'"*"* i‘; dﬂ'-old chicke froo a commercial fim, Lamba were

F

cross of local ewes and rams maintaincd in our laboratory.
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CHAPTER 4

EXPERIMENTAL AND RESULTS

4.1 Filtration of 0 virus strains throuzh "Milliporc' membranes

Al a8 pre-requisite for further detailed studics, it was necessary
~ to detemine if tho agent satisfies onc of the criteria of virusce,
that is, filterability. The technique described by Casals (1968)

was used. Briefly a 1072 suspension of infocted newborn mouse
‘brain tissuc was preparcd in BiPS solution. Between 50-60 nml of
the froshly preparcd virus suspension was centrifuged at 12,000 -
15, 000 rpm for 30 mirmutes. The supernatant fluid was then filtered
by pressurc (20 psi) successively through filtors of average pore
diameters (APD) 450, 300, 220 and 100 nanometers (nm). At cach
Btege, about 5 ml wan reserved for infectivity titration, The
original crude suspension, the supematant fluid and cach successive
filtrate were titrated by IC inoculation of 2-} day old nmice, nix
mice heinz used for each dilution. Infoctivity titers wore
expresscd in dex/0.02 =1 (Haldane, op. oit.).
Tho resulte of infoctivity titrations of four strains of
‘Orungs virus aro shown in Table 4. No significant loss in infoc-
lvity was dstected on filtration through the AFD 450-220 na.
'Mﬂlﬁlﬁﬂ“ through the mosbrance of APD 100 mm greator

- R
Fs

m,g;ﬂm wos lost. A loss of 1.5 dex or more in
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vity of  LD., TITER OF FILTRATE Estimated
s mspur MEMBRANES IN Lt A
tered NANGMETERS Farticle

= suspen- (EDP)* in

sion nanome ters

L50 300 220 100

L.3** 3.7 3.4 33 1.2 100 EDP 220

AR52] 5k 50 5.0 4B 2.6 100 EDP 220
. _m;n 3.2 30 3.2 2.3 0.6 100 EDP 220

TSP 359 L5 3.9 3.8 3.8 2.0 100 EDP 220
P =

S %Based on the average pore diometer (APD) of the two

consecutive fA1%ors between which dex 1.5 or moro of
virus sms removed,

g i, "".'Ri:pmllnd in dex/0.02 m1,
I"|-r . EPD = Estimated Particlo Diametor.

N

il

N=a

=
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0 was considercd as signifioant. Onmgo virus
JL. diamoter (EPD) of lcss than 220 nm
dut greator than 100 nn,

:%mﬂhmhd that properties other than size nay affoct
| '”.?ﬂl‘l’-ﬂ’bﬂit:f of viruses and the commercially available
. ‘1 roprosont only a linited range of APD, so the EPD
| 'ﬂmi for Orungo virus is only a rough estinmatc rather than
an accurate size detemination.
- Black (1958) arrived at a figure of 0.6 as the relation
‘batween particle size as detemined by eleotron microscopic obsor—
:I;lﬂ.lm and the filtration technique. Orungo virus particles
won should have o aizo Letwoen 64 nmo and 140 nn. For an
acourate detemination of Orungo virus particle size, as well as
ﬂnmxphnlogiaal and morphogenotic characteristics, virus grown
hwl culture and pouse brgin wos oxomined by olcetron

‘\Ih\l 13:19 strain of Orungo virus was used in thoso studieo,
'h " 1y beon pasanged elrht tises intracorabsally in
o0, g@* virus titer w.a 7.0 dox/0.02 nl.

* =

......

&
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3HK-21 cell cultures were infected with 0.1 ml of a 102
dilution of Orungo virus, Cells were harvested at the carliost
8igns of cytopathology (CPE), usually at 43 hours for thin-
“ﬁﬁﬁnﬂlantmn microscopy, and at a later stage (60-72 hours)
:f:ﬁ! negative contrast microscopy. Newborn baby mice were each
dnoculated IC with 0.02 nl of 1072 dildtion of virus and harvosted
‘when sick or moribund,

For thin section microscopy, cecll culturcs were ocraped from
| ‘bottle and centrifuged at 1000 rpm for 10 mimates, ropsulting

pellets were fixed for 2 hours at 4°C in 2,9 glutaraldohydo.
3

Mouse brain tissue was cut into 1 mm” blocks and treatod in tho
Band mannér as coll oculture pellets. Specimons wore post fixod
in B omniun tetroxide for 30 minutes, dohydrated in a standard

othanol series ond eobodded in an Araldite-—opon mixture,

-'-(Hnnnnhnumz, 1964). BSoctions werce stained with uranyl acotate

Por negative contrmst microscopy, severnl methods of virus

m and proparation were exaninod in order to obtain optimal
m-ahtua of porticle surfasc structurv. Virus was grown in 2,

---------

s " n was carried out by freeze-thawing, moohaniocal
4 trypein trentment. In addition, partially purified
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s, Martin ot al., 1975; and Martin and Zwcorink
) ¥, mediun was poured off infected cclls, and
: Iegpd.tiﬂl. onc-tenth voluno of water. Cells woro then scraped
MW& in a homogenizer. Tho lysod  cells were thoroafter
treated twice with equal amounts of fluoro carbon, Genctron; on
each occasion the aguoous phase was collected. The pooled aqueous
phaso was laoyered onto a 3% glycerol - 60% potassiun tartarato
gradient, and centrifuged at 40,000 xpn for 19 hours in a §7 41
Spinco rotor. Two bands resulted, an upper thin preeise band
containing the virus particles, and a lower fuzzy band containing
cellular debris. Specinens from these bands were propared for
‘olectron nicroscopy by the psuecdo replica technique of Sharp
(1960) as fully deecribod by Snith (1960). In this mothod, 2%
Ppotassiun phosphotungatato was used as the negative contrast mediunm,
In thin coction cleotron microscopy, of infootod BHK-21 cells,
Orungo virus particles wore found located in tho cytoplasn of
infocted colls (Plate 1). Most often, those massos were associated
nith granular neatriocs of varying donsitios and naseos of filamon~-
tous structurcs (Plate 2). Tho varioty of theso nggregations

Il":l!'+!l=l‘-4ilnll:|rt;:I.n:nmm'.l {n particular was the arrangesent of virua
fcles around the periphery of mitochondira in some infocted

= 4

. lel‘f Fl
Yoz x}m p-rmhl wore obecrved in the proocss of budding
e .QGI:I. I.-...M""'- cither thoough intracytoplasmic organelle

S
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Orungo virus in BHK-21 cells, with virus particles

lying frec in massed array in the cytoplasa. X48,000.
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Plate 2

Opungo virus in BH=21 cello showing cooplex array of

virus particlos, soveral densitics of viral matria

patorinl and asscoiated filamonte in infoeoted ocelle.

132,000,
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Plate 3

Orungo virus particles arranged at poriphery of

mitochondrin in an infectod BIK-21 cell, X48,000,

ﬁlﬁ[l_
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brancs !il'.lﬂ:lng virus particles free in vacuoles or through
a merbranes yiclding virus particles froe in extracellular
ace before cell lysis (Plate 4). Thoso particles maintainod
0ir "pousdo-envelope" as the membrane through which they budded
‘repmain adherent, The major means of virus rolease was via cell
lrlil and nost relessed virus particles were not enveloped. In
‘ﬁhin stotion, Orunge virus particles consistod of an cleotron
donso core and o loss donsc outor shell, the capeid. The nean
diametor of 105 Orungo virus particles was 63 no with a rango of
52-72 nn, Core diamcter was 34 no (range 29 nn - 41 nm). The
distribution of Orungo virus particle diancter ie shown in Pig. 1.
Negative contrast electron nmicroscopy: Little surface
gtructure was revealed by any of the treatments esployed, inecluding
the partial purification by centrifugation on glycerol-tartarate
gradicnts, In rost proparations particle surfacos were fuzzy
‘becoupt of the prosonco of an indistinct laycr overlying tho
isomctric capsids. In on attempt to rweclvu thie partially
purificd virus proparations woro nixed with an oqual volumo of a
0,09 Difco 250 typein in 0.01M sodiun phosphate-buffervd salino,
ﬂez.'l and incubated at 37°C for 1 hour, Sacplos wore taken at
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Plate 4

ﬂnnu_:_-o virus particloe budding through intracytoplasaio

Benbrancs ylolding "pmsucdo onvoloped" forms. X111,100,
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Distribution of Orungo virus particle diasctors.
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ut this did m’h help resolve capeid structure (Plate 5).
% seotion electron microscopy of infeoted mouso brain,

4.3 Reaction to physioal agents

| 4.3.1 Theroal innctivation of Orungo virus
A 10% suspension of Orungo virus infocted newbom mouse
brain tissuc (mouse brain antigen) was proparcd in cither phosphate
‘bufferod saline (PBS) pH 7.4 without serun or PES supplemonted with
%% of heat ingctivated FCS. The virus susponsion was contrifuged
at 2500 rpo for 15 mirutes and the supernatont fluid filtored
through o "Millipore” nmembranc of APD 450 nm, The rosulting
filtratc was uscd for thormal inactivation studics. Two ml
volunes wore disponscd into rubber stoppercd pyrox tubes (13 x 100 m).
’!hbnnmm imaerecd in a water bath at 56°C, 37°c. or placed on a
laboratory bench or in a refrigerator (4°C) respectively. At
Aeaignated intorvals, tubcs wore romoved and chilled in an ico
t . bath and portiong of the contents immodiately titmted, The

ng portions wore stored at -70%¢ for later testing for CP

......

- motivity, In yopeat experinents, virus aliquots werc rosoved at
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Orungo virus particlos variously penotmted by the

mgative oontragt ncdiun (potaseiun :-‘?”mr.!wtu'u_:--*-:‘-‘tﬂ}
X111,100,
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Plate 6

Virue particlce and grmnular matrix {n the cytoplasm of
& nduron in brain of soribund suoklinge moues. The parti-

oles arc smboddod within tho matrig. X6/ 000,
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".'h"fki:-}mt#: tube placed at the maﬁuutiw temperaturee and chocked
for infeotivity and CP activity.

Virus grown 4n Voro cell culture (cell culture antigen) was
also ul:ld in tho thormal inactivation studios, hn-mwr virus
suspension was prepared in PBS only without scrum addition and
inactivation was carried out at 56°C only.

Thernal inactivation curves of Orungo virus at 56DG, 37°C ana

yoon tomperature (22°C+2°C) ere shomn in Figs. 2, 3 and }. There
were two ocomponcnt curves of thermal inactivation of Orungo virus
following inactivation at tho threc tcoperatures. Each component

curve followod first order kinetics. The period of the nore
rapid inactivation phasc was 10 ninutcs at 56°C, and 24 hours for
both 37°C and roon tooporature. ‘Thon the virmus suspoending modium
was PBS only, the half-1ifc of Orungo virus vas 8 ninutcs at 56°C,
12 hours at 37°C and 15 hours at room temperature. On tho
addition of S% porum, the corresponding periods for the half-1ife
of Grungo virus was unchanged at 56 C, but 22 hours and 20 hour

at 37°C and room temperaturc (22°C) respeotively.
iftor 14 days at .1“0, 2 dox and 0.8 dex of virus infootivity
wore lost in virus suspended in PBS and DS supplemented with B

The CF activity of Orungo virue was reducod to unde teotablo
n 60 mimates at %°C. Insctivation at 37°C, 22°C and 4°c

‘ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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Thermal inaotivation rate of Orungs virus at 56°C,
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Fig. 3
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24 48 72 96 120
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O-—-0 Antigen in PBS + 5% serum
®—e Antigen in PBS
»--@ CF Antigen titre

Thermal insotivation rate of Orungo virus at 37°C.
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ad no effect on the CF activity of Orungo virus.

A.3.2 Stabil 0 virus suspension
A 20% suspension of Orungo virus in PBS supplemented with
96 fetal calf serum was dispensed in 1,0 ml aliguots into 3 ml
ampoules. The contents were shell-frozen by swirling in a dry
dce-alcohol bath and left submerged until all ampoules had been
“I prepared., Each ampoule was then transfered to the exhaustion
manifold of an Edwards Freeze Dryer, Model EF 03 for evacuation.
Evacuation was allowed to proceed until all material was dry.
The ampoules were then pealed under vacuum and stored at 4DC.
At intervals of 1, 3, 6, 12 and 18 months contents of three
ampoules were sach reconstituted with 1 ml of sterile distilled
water and titrated by intracerebral inooulation of baby mice.
Table 5 shows rosults of infeotivity titrations of ampouled virus
peoparations. On lyophilization, i.e. day zerc post lyophilisa-
ticn 0.8 dex of virus was lost, a further loss of 1,0 dex was
obrerved on storage at 4°ﬂ for 18 months, No ~virus was detected in

unlyophilized samples stored for 3 months under the same condition,

et (DV t
suspension of Orungo virus in BAPS was alarified by centri-
'_'-'ff“i'_"j'{-"{?'z. through & "Millipore" membrane. Twenty ml
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ECTIVITY OF LYOPHILIZED ORUNGO VIRUS
STORED AT 4 C.

Titre (in dex) after indicated interval

0 ‘1 mth. 3 nmtha, 6 mths, 12 18

m.th.ﬂ. mths,
LT k.6 4.2 4.0 5.8 3.7
5-5 2-9 0 = = S

{
e T
e —— W
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suspension was exposed in a petri dish
1 diameter 11 om) to a Philip UV lamp (30%) placed at
;f"-fo mt distances from the suspension. The virus suspension
‘was gently agitated by a magnetic stirrer. At glven intervals
*'lﬂﬂiqmtsot virus suspension were removed and titrated
imediately for infectivity and the rest stored at -70°C until
tested for CF activity.

The effect of UV irradiation on the infectivity of Orungo
virus wre shown in Fig., 5. The hall-life of Orungo virus with
Iﬂ'lm pource at distances of 10 cm, 25 cm, and 40 cm was
25 seconds, 105 scoonds and 282 seconds respectively. CF antigen
was not affected for as long as 20 minutes when the experiment was

torninated.

4.4 Reactions to chemical agents.
4.4.1 Lipid solvent sensitivity

Ether (anesthesia grade) end chloroform (reagent grade)
‘semaltivities of Orungo virus were detemined by the mothod of

drewes and Horatoann (1949) ond o nodification.of tho nethod of
dman and Tang (1961) respectively. A 10~ aflution of virus
A' -

-'J:.._f"—_‘: g -n; ‘4:: mouse brain was preparcd in BAPS, For the other
: by test, virus preparation was held with other (2:1) for
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ughly mixed in o final chloroform concentration of 1:10,
al dilutions for inoculation were made in BAPS after removal
: “Jﬂ” solvent by evaporation (ether) or centrifugation (chloroform).
‘Sodium deoxycholate testing was performed according to & modifica-
tion of the method of Theiler (1957). Infected mouse brain suspon-
. sions were prepared in BAPS (10% V/\1) and contrifuged at 10,000 rpm
for 1 hour. The resulting suspematant fluid was mixed with equal
volumes of 1:500 dilution of sodium deoxycholate, The control
was prepared similarly but with BAPS diluent replacing the podium
deoxyoholate. After inoubating these mixturcs at 37°C for 1 hour,
they woere diluted in serial ten-fold steps and inooulated. Known
1ipid solvent senmitive and resistant viruses were also included

in the determinstions.

On treating Orunge virus with ether, chlorofom and esodium
deoxyoholate, thore was 1.6 dex, 1.7 dex and 1.4 dox of virue
infeotivity reduction respectively (Table €). Togaviruses of

which yellow fever virus ies a member are known to be unequivocally
‘sensitive to the 1ipid solvents. This is borne out by the results
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LIPID SOLVENT RESISTANCE OF ORUNGO, YELLOW
- FEVER AND LEBQIBO VIRUSSS.
i

INFECTIVITY REDUCTION (IN DEX/0,02 ml.)

- ETHER CHLOROFCRM S0DIUM

DE0XY CHOLATE
1.6 157 1.k
_ bad 5.3
-' , 0.2 0.4
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* Infooted mouse brain material was triturated with cold normal

{‘"‘*- e to make a 20% suspension. The suspension was olarified by

ﬁmthn and the pH of gupornatant fluid was adjusted to 8 ,\
nd mixed with an equal volume of prepared dilutions of HPL in

| Q'n!ﬁnrto obtain HPL concentration range of 0,01 to 0,¥c., Virue

 suspenaions in this experiment were thus reduced to 10%. In one

H:;I.ln of exppriments, the IPL-virus suspension was stored at 4°IJ

d for 4 days with occasional agitation, beforc titrating in baby mice

Iur infectivity. For the sccond sories, inactivation was carried

‘out at 3‘]’00. and semples for infectivity titration removed at

5 mimite intervals. Aliquots were aloo stored for CF test.

The results of EPL inactivation of Orungo virus are shown in
Pige, 6 and 7. EPL reduced Orungo virus titre from 6,3 dex to
non-detectable levels in 4 days at 4°C with a 0.2% drug concontra-
‘tion. On the other hand, a 0.12¢ drug oconcentration of IPL vae
Toquired to complotely inactivate 4.6 dox of the virus undor the

: samo condition. At 31r°c, no significant difforence was found in

‘the inactivation rate of Orungo virus by either 0.% or 0.2 drug
‘hntim. The half-1ife of Orungo virus at oithor concentra-
& - ,#,5 m., At 0.7 drug concemtration, half-1life of
Orung j Tus was 11 minutes.
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Infectivity titre
(Dex/0-02ml)

0 -02.04.06.08 0112 .14 16 .18 -20
BPL Concentration in %

® Experiment 1
O Experiment 2

tapropiolaotone (BPL) inactivation of O-wngo virus at
4° for 4 days.
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4+3 Formalin-inactivation of Orungo

. i

Inactivation studies with formalin were carriod out undor

similar conditions as for BPL using final eoncentrations of 0,01%
-ang \Nﬁﬁ fd:t:’m‘lj:;. Inactivation was carried out at 4°C for 4 days

‘only. The source of formalin was commercial formaldehyde at a
40% formalin concentration.

‘The inactivation of Orungo virus is showm in Pig., 8. Under
‘the conditions of the experiment, 4.5 dox of the virus was reduced
to undetectadle level by 0.08% formalin concentration.

4.4.4 pH stability of Drungs virus

Inactivation of BHK-21 cell culture adapted virus was doter—
1I:I.lmlﬂ. at various hydrogen-ion concentratione ranging from pH 3.0
to pH 10.0. Diluents of differing hydrogen-ion concentrations

wWere prepared by adjusting 0.4% bovine-plasma albumin in distilled

WL

water with 0.1 NaOH and 0.18 HC1l. Bamples of infected BiK-21
|

| :
‘oall-oultures were diluted 1:10 in cach pi! solution and incubated

< !nr?r hours st room temporature (22 + 1°C). Ten-fold aflutions
of each sample wore prepared in Hank's balanced salt eolution

> '-.". | contatning ¢ inactivatod fetal calf serum and titrated
‘"‘t sculation of baby mice. Controls consisted of infeoted

Ilﬂmmnmiw titera wore stablo between pH 5.0

T
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Formalin {nacstivation of Orungo virus at
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, :(118. 9). Virus was undetectable at pH 3.0, but
' 413 dex after troeantment at pH 4.0, In the alkaline pH

ange, virus titers were 4.6 dex, 3.5 dex and 2.2 dex for pH 8.0,

9;‘5 and 10.0 respectively., Control titre ves 6.0 dez.

4.4.5 Effect of 5-iododeoxyuridine (IUDR) cr Orungo virus

mltiplication

The effect of S5-iododeoxyuridine on Orungo virus multipli-

‘cation was studied in BHK-21 tube culturo by procedurcs proviously
outlined by Liebhaber et al. (1965). Herpes virus (DNA) and
‘eastern encephalitis (EE) virus (RNA) were employed as control
‘ viruses of known mucleic acid composition. A 10" stock of

IUIR was prepared in distilled water; to achieve solubility O0.1H
NaDH was added to raiso the pil to 9.0 and the solution was hoated
‘briefly to 75°. Culturcs were incubated for 4-5 hr. with mainte-
. nance mediuvm containing 10™* TUDR solution, drained freoc of this
- Bedium and inoculated with virus and then refed with frosh
fi!}nm medium containing TUDR., Fluids were changed daily.

or roated cultures served es controls, All cultures wore
o the controls showed at least a 3+ cytopathio
{ Jm was 43 hours post-inoculatirn. The cells
wwﬂ““ﬂulmﬂfﬂmm
L, cultures using 4 tubes/dilution.
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action of 6.1 dex oonured when Horpes (control DNA virus)
was similarly treated., Orungo virus may therefore be an RNA virus.

'%-5“ liclnﬂx_: al characteristics of Orungo virus in experimental hosts
4.5.1 Yortobrates
|

| 4.5.1.1 Swiss albino white mouse
|I Since primary isolations of Orungc virus wore carried out in

BN Evies albino white mica, it was essential to dotermine certain basio
‘h:l.nloxiunl characteristics of Orungo virus for this host. Investi-
‘gations were conducted on the effects of dosc on virus, route of
inoculation and age of host on the ocouree of Orungo virus infeotion.
Prior to mcn;mnt of thoee studics, the infectivity titer
of each of tha Orungo virus strains was dotermined in 2-3 day old
baby mice, Serial ten-fold dilutions of each virus pool were mads,
and 0.02 ml of each dilution inoculated IC into each of six 2-3
. day 014 suckling mice in a littor. The inoculated mico wore
) sorved for signs of illness for 11 daye. End points werv oalou-
Mthu mothod of Roed and Muonch (op, cit,) and exprossed
t (= log 10, Haldane, op. oit.).
rosults of infectivity titer are shown in Plgure 10. Only
13019 @nd 52302 had infeotivity titers above 4 dex at
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'EFFECT OF 5-ICDODECKYURIDINE (IUDR) ON
'MULTIPLICATION OF ORUNGO VIRUS IN BHK-21

CULTURES

Inoculum Viruz Yield (dex mlﬂsa/nl.)

(total dex T0ID.;) No. TUDR 107 R
3.0 5.9 6.1

9.9 10.2

2.1
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pagsage, howover when considercd for cach virus strains, these
Adncreases are not significant.
Further determinnation of infecticity was measured by the
dength of time inoculated mice survive known doses of virus

lﬂl‘il calculated as -~ Sum of mice surviving per day for the

nmumblir of mice inoculated.
For oxamplo, if 12 mice wore inoculated, snd all of thom

‘on day 5,

Tho AST sum of mice r day till closg of ©
A > Fusber of mice originally inoculatoed

¥ .1g+1g1; 12+6+0

= 35 awe.

ny death ocouring within the first 24 i after virus
as not taken into account in cal-riiating the AST.

- AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

‘inoculum, This is known as tho averege survival time (AST). The

duration of the test divided by the original

‘survived for the first throe days, 6 died on day 4, end no survivors

iment



y old mice inoculated with any of the
w_ virunm 3.5 and 3.1 days for 101.]]50 and 100LD
virus dose wmnﬂwly The amount of virus in brain h:mres-ta

50

inl;‘lw:nhﬂ. 'by infeotivity titration decreases with .'.nuroa,aing
age at inoculation tims of the mice. This was accompanicd by a
hnm‘iponding inorcase in the AST of inoculated mice. lNo virus
Was detectod in the braine of 14-day old mice sacrificcd at tho
| olosc of experiment (Table B8).

4.5.1.2 Effoct of Orungo virus infcotfon on the growth of Swiss

I albino mice
It was obtsorved from thoe preceeding exporioent that 10-day

old mice inooculated IC with 10 LD, of Orungo virus exhibited two
‘types of remctions: (a) became sick and succumbed to infoction; or
(b) became sick, recovered but remaincd unthrifty through tho course

of the exporiment, The course of Orungo virus infection wag therc-
forae studicd in greater dctail in 2- and 10-day old mice inooulatcn
EGmﬂ: 10 LD, of Orungo virue. Controla, uninoculated animals
.gnd thoso inoculated IC with sterilo diluont wers eot in parallel.
g inoculation, all baby micu werv pooled and sorted out
..... sate oqual weights and distritutos in groupe of six
% w animale were obsorved to onsct and

and feoding habits, In additiun the effeot of
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BY TRE IC ROUTE

- -, INFECTIVITY TITERS AND AST FOLLOING
AGE O MICE INFECTION 7ITH
IN maYs
10 LD, VIRUS 100 LD_, VIRUS
Ly IEX/0.02 ml. AST  IEX/0.02ml.  AST
1 8.5 3.3 8.5 3.1
2 8.6 3.5 8.6 3.1
3 B.5 3.8 8.6 3.4
4 8.3 445 8.3 3.6
5 8.1 4.6 0.2 4.0
6 7.6 5.5 T.6 4l
/] 649 6.1 6.3 4.9
- 8 6.2 Te4 6.3 6.6
' 9 6.2 8.0 6.0 6.5
—n | 5.2 > 14.0 5.3 6.6
' 1 5.9 S 1440 45 901
12 4.9 > 14.0 45 9.1
K B 3.6 | > 14.0 Ae2 11.9
0 > 14.0 0 >1.0
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: 8 infoction on the growth of 10 day o1d mice was
studicd q;,ﬁ" ly recordings of weight gains.
ﬂlneﬂ in 2-day o0ld mice was from day 2 and death

=
e

‘occurred within 24 - 36 hourc, Sick nico wore hunchod.up, chowed
2

ﬂ m!pirn.tim. but continued feeding until moribund. Jith 10

day old mice, onset of illness varied from 3~7 day post {nocula-
‘%hm, and coursoc of illncss was up to 6-7 days ending terminally
or in recovery. Sick asnimals showed ruffled hair, hypersensitivity
%0 sulddon noise and hind leg paralysis in animals that succumbed

© %to Infoction, Although animals contimied feeding until 2-3 days

MH:H death, therc was a progressive wasting away with resultant
losa in woight (Pig. 11). Thore was no significant difference in

‘the weight gains of control uninoculated and animals inoculated

‘with sterile diluent. Animale that beecamo sick, but recovored

‘novor attained the same weoight as control animals. There was an
. initial loss in woight for 2-3 days, followed by a slow daily
incresse in weight. Animals that succumbed to virus infootion
TP

g shov & progrossive weight loas until death. In general, the loss
AR, | 1L

An wg m ;ﬁtj_ua g dny nuli,u:r than the onect of clinical s

p wia~: nice to

- "‘m 9 Lrom 1 day: 1o 14nday 014 were “inooilated by
rorent routes, intracervbral (I0), intrsporitoncal (IP)

Llorer
A [
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Pitstons (80), with etthor 10 1o, or 100 1 of Orung

oo ton vers absorved Cor 14 days, arter whien ho 17
was calculat

paReE H"l“‘ll-- Sick or dying mico were harvested and two brain

virus,

-ﬂ.-n from each group titrated individually. For this
.

oxperiment, strain H13019 of Orungo virus was used.

All the mice survived inoeulation by the IP or SC route with
;’{Ql:_‘:ymm or 10 LD, of Orungo virus, and sensitivity to lethal

| - infection by the IC routo decreoased with agc. The AST of newborn
1

~ mice inoeulatod IC with 100 1.1:50 and 10 LD, of Orungo virus was

‘3.1 days and 3.3 days rvspectively (Pig. 12). Ten day old mice
|| succumbed to IC infection of 100 LDEG of virus with an AST of 9,1

' daya, however only 18 or 48 mice of the pamo ago group infooted

| IC with 10 LD, of virus survived, The thirty mice that dicd had

@n AST of 12.5 daye. Mice 14 days old and older woere not killed
;_IIJ lithﬂr 10 mﬁﬂ or 100 I.Ilso of Orungo virus inoculatasd IC.

. 4.5.1.4 © stribution of O vizus in mfce

-'-I Six litters of 2-3-day old baby mice were inoculated IC with
|

Mﬁmw or 100 LD, of Orungo virus. Daily, two inoculatod

B100 Wore ssorificed ond the following organs: braln, heart, lung,
\> liver, kidney and spleen removed for virus titriions, In addition

TR

#0d urine werv sleo assayed for virus ¢c. . Bach organ

®ashed in BAPS to romove as much blood as pussible. From a 10
|
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=1

virus intracerebral infection.
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uspenai .r ..n: ~each organ (W/V) or fluia (V/V), in DAPS, serial

te '-_-::3_ _"uﬁ' aﬂaﬂ:inna were made and titrated by IC inoculation of

E“-:' N y old mice. Inoculated mico were observed for 14 days and
8 infectivity titers calculated by the mothod of Reed and

l uench (op. cit.). Braine of sick or moribund mico were removed

: !l.:.l'#i tested by CP tost againat Orungo MAZ.

Ten-day o0ld mice were similarly inoculated with 100 LD

50 of
Onmgo virus. Distribution of virus in each organ was assayed as

ribod for 2-3 day old mice. Strain Ib H13019 was uscd as tho
inoculum in all experioents.
‘Daily virus infootivity titers in the difforont organs aro
l. shomn in Tablo 9. Thore was a progrcosive increase in amount of
‘wirus 4n the brain {rom day 1 post infection (p.i.) to day 6 p.i.,

‘which yiclded the highest infoetivity of 6.3 dox. Ho virus wna

dotocted in the heart, lung, liver mnd kidney on the firet two
‘days following infeotion, Tho posk infoctivity for cach of thema

| mu Tas recorded on day 5 p.i. By day 6 p.i., tho lowel of
. \x‘@.\u ‘had fallen in cach of tho organs; no virus wns deteoted in

| kidney on this day. Lo¥ lovel vircmia and viruris, occurcd
5 l: ':' .*2 and daoy 3 p.i. 'l.'hl vircmia rosched o ponk (2.8 dex) on
p-i. and dropped to 0,5 dex oy day 6 p.i. iffco bocamo sick
day 1'1 il mmmma with the day o, peak vircais, Mo

gnific r—'L*,n', , was found in the infuctivity loewel of urine

. AF RICAN DIGITAL HEALTH REPOSITORY PROJECT
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INFECTIVITY TITRES (IEX/0,02 ml,) IN DIFFERENT

ORGANS OF 2-3-DAY OLD BABY MICE INOCULATED TITH

100 LD, OF OKUNGO VIRUS (STRAIN ID H13019).
BY THE INTRACEREBRAL ROUTE

i

e _ .
S — -
e

~ Day
= e

ﬁn- Brein Hoart ILung, Liver Kidney Splean Urinc Blood
~ tien
- 1.1 0 0 0 0 0 0 0
2 2.0 0 0 0 0 0 0 0
JI‘_. 3 A3 2.2 3.2 2.1 2.1 0 0.5 0.9
4 4.8 2 2100 26 2.0 0 0.7 2.8
5 ORI N 305 2.3, 1.3 1.1 0.7 1.7

2.5 1.9 2.2 0 1.7 0 0.5

e
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samples collected from day 3 ped. to day 5 p.i., and no virus
h} 1:1 ‘&h urine sample collected on day 6 p.i. (Fig. 13),.
J@III ﬂ:mu:l,u and viruria pattems werc further

- e M Y

det rg L using two doses: (10 LD

-

was det

studicd in

5o 2nd 100 LBSQ} of Orungo virus,
lilll.iﬂ.m baby mice which became sick following inoculation with
illiﬂar blood and urine sample collections were tested by CF with
| ‘ﬂmw- Table 10 shows the viremia and viruria pattomna
,I jﬁnﬂina' infeetion with tho two virus doscs.

Thn level and duration of viremia as well as viruria wore
‘higher and longer whon a lower level of virus was ueed, Similarly
:ﬁ,ﬂff-fﬁ'f mice inoculatod with 10 LD5D of virus waa 5.3 dayo as
comparvd with 3.6 days folloving inoculation with 100 LD

of vi .
50 o

b aay o1
Virus was detectod in the bratns of 10-day o0ld mice infootod

with 100 1-'050 of virua for the first cleven days post infection,

- The Righest infootivity (3.2 dox) was obtained on day 6 p.i.,

I theroafior thorowas o progreseive rudustion in infootivity until

‘iﬁa.ﬂ"aq_j.fi, When no virus was detootcd (Pable 11). Othor organa;

hung (8ay 2, 3 p.1.), heart (dsy 5 p.4.), Blood (day 2p.1.), and .

(day 1 p.i.) yielded low lowol virus fnfociivity fitors

5% 0.5 dex ~ 0.9 dox). No virus was dolco’  n the 1iver,

M ppleen throughout the duration of vxporiment. All

i
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VIRENMIA AND VIRURIA PATTERNS IN 2-DAY OLD SUISS ALBINO

MICE INFRCTED YITH ORUNGO VIRUS

‘Days INFECTIVITY TITRE
. latdon EROSUIIN S 103050 INOCULUH = 100 LDgg
Virenin Viruria Viremia  Viruria
titre titre titre titre
2 1 ..1'. (e] 2.5 1.0
I -
3 1.8 1.1 2.5 1.0
' 4 2.1 1.2 0.5 1.0
) 36 157 -b =
'Ol 0.6 0.7 - =

‘& = infectivity titre in dl:/ﬂrﬂﬂ al,
5 = po.mice available, mll died on the previoua day.
p

o
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FECTIVITY TITRES IN (IEX/0.02 ml.) IN
| ORGANS OF 10-DAY OLD MICE INOCULATED /ITH
100 LD, OF ORUNGO VIRUS (STRAIN H13019)

Drain Lung flcart Blood Urino

1.0 0
1.8 0.9 0.7
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o ©o o o

2.5 0
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0.9
0.7
0.7
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B *,,5_1 q-'+ tive for virus infectivity tost wore mlso confirmed
,~‘s"5, U Ten day old mice that survived infection with
‘:”‘: 80 virus werc blod 28 days p.i. Serum samples from 2 mice
‘each were pooled and toatod for specific neutralising antibody
‘%o Orungo virus. Only mice inoculated by the IC route dovcloped
- specific noutralizing antibody to Orungo virus.

neutralizing indox was 1.2 dox - 1.6 dex,

The rangc of

‘ﬁ.5-115 Spread of Orungo mg in mouse brain
The spread of Orungo virus within the braln of 2-3 day old
ni.r.m =i‘:_|11d'lfins IC inoculntion into the routine site (Pig. 14) was

Anvestigated in baby mice inoculatod with cither 10 LD, or 100 LD
‘of Orungo virus. Two nmico woro romoved daily, and each mouse brain
aseptically removed and divided with a eharp razor blado along the
longitudinal and transverse fissurca, and below the corobellum

(Pig. 13). Theso divisions yioldod the following brain sections:
gnnght and left corobral halves mnd the cerebellum with the
mwmm The spinal cord was removed from the deocapi-
ﬁn. by first removing the hind logs and the tail and

X m Cord With a jet of stexile diluent applisd .

o and -rnhgn Fooled HEE." of the braln wore
1 . B 3
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-_-.'_1"-"'?":*"" mouse brain is shown in Tables 12 a & b. Mo significant
3ifferencos were detectcd in the amownt of virus foumnd in the
oft it corebral helves. The level of Wireative virus in
oum'hﬂlm was mnniu'!;nntly lower than in either of tho

_ cercbral halves. Tho sproad of virus to the spinal comd was
Iﬂﬂﬁﬂ‘b‘lﬂ only whon the higher infocting virus dose was used.

The complem nt fixing antigon developed in parallel with the virus
infectivity,

#.5.1.6 Histopathologic and Lmmmofluorcscent studiés of mice
infectod with Orungo virus
Two, ten and twonty-one-day old mice wore inoculated IC with

Orunge virus (strain Tb H13019). Mice woro killed mi-iall;.r at
wvaricus intervale after inoculation and proccsscd in the following

‘mapner: The mice were trimmod of appondages and skin, oxcopt on

the wuidline, they were then split longitudinally through the

- midlino with a sharp zazor blnﬂn{w half waa t?l‘ﬂmd to
sssman's fluld (9 parts of aleoholic saturated lnlutiun of pioric

d to 1 part of :gmluwun) for fixation and nu.?:aqunnt routine
£ in an automatic tﬂm proocasor for hi-mihnlona

“'_.- o

@h ‘other half was pountod in a eryootat tiseus
= and loft to freezs at -18°C to -20°€ prior to
for immunofinorescent exmaination.
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TABLE 12a

DEVELOPMENT OF VIRUS INFECTIVITY AND CF ANTIGEN IN

DIFFERENT SECTIONS OF THE BRAIN FOLLOWING INOCULATION

OF 2-3-DAY OLD SWISS ALBINO IMICE WITH 10 LD

50 OF
ORUEGO VIRDS.
Daye VWHOLE RIGHT SPINAL
Post BRATN CEREBRUM  CEAESTUN CHR@BELIN oomD
Infec-
tion Infec- Infoe=- Infec- Infec=-

¢ivity CF tivity CF tivity CP tivity CF tivity CF
1 0 0 0 0 () 0 0 0 0 0
2 0,5* 0 0 0 0 0 0 0 0 0
3 0.9 2% 0.6 0o 0.9 0 0 0 0 0
4 1.6 8 1.4 2 1.3 4 0 0 0 0
5 3.0 16 21 4 2.1 4 0.7 4%5e G 0

4.5 16 3.5

k.

"

® {nfectivity in dex/0.02 ml.

*+ roci

of antigon dilution giving at leash

A % fization with 1:8 dflution of Orungo MAF,

##s pooitive CF roaction with undiluted mntigen.
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TABLE 12b

'DEVELOPMENT OF VIRUS INFECTIVITY AND CF ANTIGEN IN
. DIFFZRENT SECTIONS OF THE BRAIN OF 2-3-DAY OLD SWISS

ALBINO MICE INOCULATED WITH 1000 mso OF ORUNGO VIRUS

Days WHOLE LEFT RIGHT SPINAL
Post  IRLIN CEREBRUM  CIREBRUN G oalUN CORD
tHon g ree- Infeo— Infec- Infec- Infeo-

tivity CF tivity CF tivity CP tivity CFP tivity CF

Faga, O Ft ] o 0.8 ] 0.9 0 0 0
8 2.3 2 2.1 4 2.3 2 0.8 0
'E 3-6 a8 3.5 = B e a8 1.9 +500

32 5.7 16 5.2 16 4.2 16 3.0 4

* {nfectivity in dex/0.02 =m1,

** rociprocal of antigen dilution giving at leaat
a > rixation with 118 dilution of Orungo MAP,

~®es popitive CP reaction with undiluted antigen.
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n-u--ul- e g Y
L L ? |'-l : I

=he hall-mouse fixed in Rossmann's fluid was processed in

C%. *”ﬂw m in an automatic tissue processor. The sections

La
";'\

0L the paraffin-omboded blocks were out with - rotary microtome
| M with hmto:arlin and eosin.

‘&mhhil organs were treated in similar manner as whole mice.

lJ.l [

pE=n 10 or 21-day old wholé mice wore used for histopathologio

I- ‘studies, they were docaleified prior to treatmont in an automatio
- tissue processor,

, For direct immunofluorescence, hypeimaune :;F to Orungo virus
- m fractionated by DEAE-sephadex chromatography. The immunoglo-
‘bulin fractions wore conjugated with fluorescein isothiocyanato

(FITC) nocording to the wothod of Murphy ot.al. (1973). For

dndirect imaunofluorvscence hyporimmme anti Orungo virus - MAP

and FITC - gont antl mouse Ig G were used at prodetermincd dilutions,
g;upmh- included infected and control suckling mouse brain
ihi:!llﬂﬂnl and fromen sections of whole suckling mice. Speaimons

'ﬁcp exanined in a Zeiss microscope equipped with a UG-1/41 filter

:» and mourcury cre 1ight sourced. Controls uhiﬁrin all ocasep

Fﬂ-ﬂ inoluded adsorption, imhibition and uninfected

athologic changre in moribund newborn mice were remtricted

w b . The re mm monorualear oell infiltration,

e ":5_. .‘ : ; edens, mecrosia of the

_ ‘Aleo of the gramiar layer of the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



| :!(?hte 10). Thesc pathologic changes were restircted to
Ahe corebral cortex, The 21-day old mico were histologically

L,

‘ Tmmunofluorescent stainings of pections of moribund whole
mouse showed widggpread foci of viml antigens in the cytoplaan

b
of large neurons (Plate 11). “ntigens occured in large aggrogatod

I " passcs, No cxtra-neural fluorcscenoe was detected.

' 4.5.2 Experimontsl infoction of _-uldine hansters (Mesocricetus
zurstue) with Orungo virus
Mewborn (2-day-0ld) and 3-week—old hamsters wore inoculated

either IC, TP or SC with 10 mouso Lhﬁa or 100 mousc L“5n of

Orunge virue. Daily, for five days or longor, blood mnd brain
saples “ere assayed for virus comtent in suckling mouse, The
daily samples of hanster brain werc also examined for CF antigen.

. The presénce of Orungo virus in brains of gick baby mice subinocu-

¢d with hamstors blood suspension was aleo chucked by CP toast.

Yo hamgtor wes killed following inoculation of Oxungo virus

I m. Threo—ooek ol hamstors survived inoculation with

" nr 100 LDg, of Orungo virus by IF route. O 24
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Plate T

Doep corebre of moribund suckling mouse infceoted Withe
Orunge virue, shoving noecroasils, karyorrhexis, porivag= «
oilar cuffing, inte rotitinl odema and diffusc inllan-

Batory cullular {nfiltration. X2717.
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8

Plate

Bocroanlo

RBOUedo ,

Coxcbral cortex of moribund suckling

L

and edeen in corobral nuclear layore.
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Plate 10

S T ——— e — T

Corebral cortex of 10-day old moribund pouse showing

X100,

2114 focal mononuclear infiltmation,

.
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Plate 11

*‘.;#—W__ - L g i

Foeal distribution of Orungo virus opecifio immunofluo-
Tueounae in the oytoplasa of neurons, Fool such ns this

Worc present randomly in the groy matter of the brain,

X,00,
l_ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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ﬁ'i 100 III50 of virus, succumbed to infection, d!;ath oceuring on
dny 9, 13 and 17 p.i. Viremin was dotected from day 2 to day 4 p.i.

with 10 mouse 1‘”50 infecting does, and day 2 p,i, with 100 mouso
' 1D, infocting does. Brains of baby hansters which sucounbed to
. infection by the TP route werc harvested and titrated in nice.
| Virus titres ranged between 4.2 dex wnd 5.0 dex,

A1l the hamstere inoculated with Orungo virus by the IC route

susounbed to infection with an LST of 4.0 days and 3.5 days for

10 Iﬂ!ﬁﬁ‘:l and 100 ]"D'jo of infective virus doses rogpoctivoly, Thore
‘'was viremia botween day 3 and day 5 p.d. The peak of viremia

coinoidod with ths peak virus titro in the brain (Table 13). The

a

‘dovelopment of infectious virus and complesent fixing antigen in

‘baby hematers following IC inoculation is showm in Pig., 15. There

was o atendy increase in the amount of tho virus in the brain,

Taby hansters which survived IP or SC inodulation with Orungo virus,
. aswoll as adults inoculated by the SC or IF routes wul-ﬁinf_ ::mt
30 days post infoction. Sera from ench group of enimale n:-n: 1

: 4 by Il test for Orungo virus antidody. Sera from 2=-day old
2 1':1‘“: ~ 1.8 dox) of Orungo virus; J weck old

~ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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TABLE 13

DEVELOPHENT OF INFECTIOUS VIRUS IN THE BRAIE AND PATTERN OF VIRENMIA IN

HAISTERS INOCULATED IC YITH ORIMNGO VIRUS

l Infectivity :1 trea in Dex/ Infectivity titres in Dex/
0.02nl. 0.0221,
Age Route I;;Bﬂ BLOOD BRAIN
Mouse I':Ey:n Day Post Infection Day m_:‘m“‘
g % i 5 3 4 5 e 2 3 & .5
e c 10 4.0 o, o #eioi6 g6 TINSE Ty
2 days 1 0 » - yrvnains 1‘.2 20 %O 4.5 5.6 7.2
S 10 14.0 0 oTha6 S w W M :1'! :
B 100 14,0 0 i2 . TolE 0 0 e, ®m R
i . = r virug titre range in brains Efd:f:tors dying betweesn day
- not tested howave 17 poi. vas 4.2 dex = 5.
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: - T T T = -
‘ i 12l s
3 Days postinfecton |
- 0 w-—l‘ . & o] - ——— —y
) _ .
- -

m of Orm virus 1.11.(:]1:1:.1?11.? and cormplomont-
m’ﬁnuﬂm {n haastor brain (100 LD.,1 olosed

pirelis = {nfeotivity, closcd nquarce = CF, 10 mﬁa
- ""1-_m1‘$ﬁh apen squaresa = CF),

R
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TABLE 14

>
"

RESULTS OF NEOTRALISING ANTIBODY STUDIES IN

SIRA OF HAMSTERS INFECTED WITH ORUNGO VIRUS

Log of Neutralisation Index*

Croup 1 Croup 2 Group 3 Average

1.2 1.8 1.7 1.6
1.9 2.2 1.8 2.0
2.5 2.9 = 2.7
2.4 2.6 - 2.5

* LN1 expressed as dex
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: ulnted by the same ronte, noutralized 2.7 dox of Orungo
”ﬂ“ﬁiihln 14). By the BC route 2-day and 3-weeck hamstors

. on the average 2.0 dox and 2,5 dex of Orungo virus

r‘l 4-513 Exporimental infection of domcstic rabbits, Oryotolamus
| with O virus
AN
Ten rabbits, 8-10 weeks old, were uscd for this exporiment.
| ‘The aninmale wore kept two por cage and observed for ton dayo
‘prior to commencement of the expoerimont, Pour routes of inoocula-
tion, intravenous (IV), intraperitoncal (IP), subcutancous (SC),
b and conjuctival sac, werv uscd. The routes and virus doscn
| eomployed are shown in Table 15. Aninals were bled for the first
seven days post inoculations, and the blood samples assayed for

yirus contomt, by IC inoculation of baby mice. At pro-determinod

| 4ntorvals both before and after infoction 5 co of blood was
hﬁmdtnd for perology. Sora worce chooksd in neutralization
L hﬁ for specific Orungo virus antibody.
‘:l "iu virus was isolatod from any of the blood eample colleo-
3 mub'bttc exoopt thoso infected Ly the SC routc,
wm ¥ antibodies to Orungo virus (Table 15). The
opoent and the lewwl of antibody was depondent on the
. By the IV route, Orungo virus N-
‘and reached a higher lewwl when infeotivity

(AL HEALTH REPOSITORY PROJECT
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DEVELOPEENT OF NEUTRALISING ANTIBODIES IN RABBITS
FOLLOWING INOCULATION WITH ORUNGO VIRUS BY DIFFE-

RENT ROUTES

100 OF KSUTRALYSATION INDEX® -

Animal Route Dose

Ho. =T+ +14 +28 +42 +94

in
Dex/ml days days days days days

4.0 . O 0 0.8 0.7 0.6
8.0 0 0.6 2.0 2.0 243
4.5 0 0 0 0 0.8
B.2 0 1.2 2.0 2.0 3.8
6.9 0 0 0 0 NT
T.2 0 0 0.3 0 0
Conjuctival 5.0 0.0 1.0 1.9 NT 1.8
Conjuctival 6.5 0 0.9 1.5 1.7 2.0
- o] 0 0 0 0
- 0 0 0 0 0

L w in dex.

__** days post infection.
- -

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



milar results were obtained following IP infoction.
Significant noutralizing antibodics porsistod in those animals

A ;tmm days p.i. when tho experiment was tominated.

"4-5.4 Experimental infection of lambs with Orungo virus

Six lambs (/-6 woeks 0ld) cross of cwes and rams maintained

in the Virus Rosearch Laboratory, werc uscd for this oxperiment,
Animals wero inoculated with cither 3.0 dex or 5.0 dex of Orungo
wirus by SC or IV routc. Thoy woroe thon bled for the first scven
days post inoculation and the blood samplco assayced for virus
content. At pre-determined intervala, 5-10 ec of blood wao
collected for sorology. Scra were tested for Orungo virus N-
antibody in suckling mice. No virus was isolatod from eny of tho
blood samples coljected, Only animals infoctod by the IV route,
doveloped N antibodics to Orungo virus. The tine of dovelopnont
of antibody and tho lowel of antibody was a faotor of doveloped
virus dope, 4t tho higher virus doso Il antibody reached a higher
*fii':'.ﬁl. Poak antibody titrc was doteoted at 20 day pid., and no
mﬂl detootod by day 63 p.i. (Table 16).

: -- m{; house gparrovs wers infeoted with 3 dex of Orungo
5 AT g ]
d in 0.1 ml., Ton each wor infeotod by the IV, BC

i
cnba i
EE e e
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TABLE 16

ANTIBODY RESPORSE IN LAMBS POLLOWING INFEBTION VITH

(F ORUNGO  VIRUS

LOG OF NEUTRALISATION INDEX

Route Poae (in Dex/0.02 ml.)
Animal of in
Mo. Infec- Dex/ml -5 pi +14 pi +28 pi +42 pi 456 pi +63 pi
tion
441 v 5.0 0 0.8 2.0 1.8 0.5 0
442 Iv 3.0 0 0 0.5 0.6 0.2 0
| 443 5C 5.0 0 0 0 ) 0 0
A 444 sc 3.0 O 0 0 0 0 0
0 0 0 0 0 0 0
0 0 ) 0 0 0 0
:i.f":. .“
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ﬂd._‘:_:em studies wore carried out for cach day
1 days following infection. On day 14 and day
-I “‘ﬂ.’iﬁ aninals from each group werc bled out and tho sera
~~‘-—f- in baby mice for prescnce of N antibody to Orungo virus,
House sparrows neither circulated Orungo virus, nor developed

ti) lmtiboda' to the virus following infection by the IV, SC and
Oran routes.

#4.5.6 Experimontal infoction of baby chicks with Orungo virus

Tao groups of ono-day-old chicks were uscd for these oxporiments,
Each of the six chicke in tho Lirst group wa2s inooulatcd with 0.1 co
) of 1072 aflution of Orungo virus (equivalent to 100 LDBU}' by the

IV routo. Tho othcr group was inoculated with the same dose of
virus by tho 8C route, Daily, bleedings woro done for tho first
‘seven days following inoculation, and tho samples tostcd for
presence of virus, Specifio Orungo virus antibody wore assayed
for in noutralization tests in scra suploe collected on day 14
 ond day 20 pud.
~ An was the case with houso sparrows day-old chicks failed
) %o ciroulate virus, nor did they devolop specific () antibodies
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* 1!!13 Ib AR.52302 strain of Orungo virus isolated from a pool of
M:ﬂm mosquitoce in Nigoria was uscd for theso studios,
Tha strain wis at the scventh mouse brain and socond BHK-21 tissue
oulturc passage lovel. Virus stock titre was 107 °C 1CIDSO/m1.

Two species of mosquitocs Acdes albopictus and Acdos aogypti

werc uscd., The Acdes albopictus mosquitocs come originally from
Toona in Indin; and the Aiedes pegypti canme from Ambur strain in
Thailand, Both specics were maintained in the entomology laboratory
of tho Yalo Arbovirus Rescarch Unit, in Hew Hawvcn, U.S.A. vhere

those ptudies wore conducted.

fron expericnoo thore was no known laboratory bosts which
showed high level of viremin when infoeted with Orungo virua,
Indoed, infoction by the B8C routc produced mo viremis at all in
four oxpoirimental mnimals oo inoculated. Infeoction of tho mosquitoes
‘was Lherelore nccomplishod cither by intra-thoracic (IT) inooulation
of wosquitoes with wirus cuspension, or by permitting them to ongorged
on virus chick blood suspension throuch an cgg shell ueabroe or

ic inogu O The inoculating nccdlec vas mado
pmmmmmwmmuumpomt
Yot fleme. The tip vas broken at a soleotad point with a
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1lex's forceps under a disseoting microscope and
T_m&oftin 1 m graduations. Inoculation of undiluted virus
’éﬁ& was through the membranc just anterior to the astoemo-plouron
‘and below the first thoracic spiracle. Each mosquito was inoculated
with .0006 ml of virus susponeion (1 m on the ncedle). All manipu-
dations werc carricd out on adult fomale mosquitoes lightly anostho-
siged with carbon dioxide and imobilized ox wot ico.

Engorgement on virus blood meal: Advlt female mosgquitocs
(starvnd for 24 hours prior to feeding on virus-blood moanl) were

placed in holding cages and allowed to fced on cotton pledgets
soakod in the virus-blood menl, or through an ¢gg-shcll menmbrana.
The ogg shell contained 1 ml of the virus-blood meal. The virus
blood nonl was nado up of 2 nl of undiluted virus stock, 7.5 ml

| of inactivated and defibrinatcd chick blood mand 0.5 ml of anti-

biotic molution.
Tnocul sted mnd engorged mosquitoss wero then placed in
bobbinet covervd, cylindrical plastic cages and provided with
maintonanoe diet of 105 doxtroso through cotton plodgots, The
w&m were held for 6 to 11 dnys at 26°C md 6970 rolative
by, Tsmediately following mosquito inoculations (2 hrs,
#s after tho start of thoso opurations), the virus blood
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Wmnwm stored at -70°C until tosted for virus
ding and inoculating tho mosquito material into baby mice.

Wﬁ’m woere watched for signe of illnoes and virus isolations
 made fron brains whorc indicated. Brain suspensions (10 in BAPS)
ﬁliﬁkninu Wora passagod IC to groups of fresh mice until a
tyyi.n-u:l Mﬂcf'._iun resulted, 3Brain suspcnsion from onc or more

of mioce showing the typical infceotion was then eot up in a CP tecst
to ostablich virus idontity.

Two other methode wore omployed to show possible tranemission
of Orungo wirus by mosquitocs. In the first mothod mosquitocs were
‘allowed to engorge on a drop of blood real (oqual parts of 2,5¢

fotal calf serum (PC5), 10% dextrose ond inmctivated, defribrinated
chiok 'blmﬁ.}. Ont mosquito was plaocod into a tube stoppexcd at
fﬂnmlh nitting matorial, 4 drop of tho blood vas placed on

tho netiing saterial and the nmosguitocs allowed to engorge, For
the scoond mothod, the mosquitoos engorged fron a blood meal in a
sapdllary tubc, This mothod has been fully described by Aitken,

b -
" -

(‘p‘m Mrnr, the mosquito wes slizhtly ancethosized with 00,

Fﬂlﬂpﬂhwhmnﬂtﬁwﬁpdthm@ﬂnﬂrﬂﬂr
| atir m. mghmpmﬁmhrﬂhdﬂth



3 and inoculating the mosquito material into baby mice,
The inoculated mice were watchod daily for eizns of illnoes and
"- ‘[‘“ﬂﬂl’r procedurce for the isolation and idontification
%f‘?i‘!ﬂl causing illncas were carried out.
Bach of tho blood meal on which the mosquitocs have cngorged
{,hluodd:up, or capillary) was thon mixed with a drop (about 0,03 ml)
of 2,24 PCS and inoculatod introcthoracically inte 10-15 adult jedes

—_——

Albopictus or Acdes apgypti fomales. Those wore kept for 7-10 days
at _2:6_9‘3 and 65-T7%% rolative humidity. They were maintained on
: 109 dextrose, At the cnd of the incubation period, all dond
mopquitocs wore removed mnd remaining tested for virus by 1.0,

inoculation of 2-day old baby mico. FBrain matorials from sick

niocc showing typical infoction werce harvestod and tested for

h wirus, Th results of the tranecueeion of Orungo by fodos

‘F&"‘E&El_ and icdos acgypti mosquitous axv prescnted in Table 17.

w Following parentornl incculation of 1.4 dex
ﬁ - ) virus per mosquito, artificial transaission was achioved
mwhu to "hite" on Blood droplets on day 6 and

23 o inoubation. Thrwo of six mosquitoos tranmitted
y 6, slthough only an of the gix was poaitive
titoo of 2.3 dex., The lowel of virus injeoted
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TABLE 17

TRARSIISSION OP ORUNGO VIRUS BY BITE OF INOCT ATED NOSQUITORS

Number of nosquitoes Muber of mosguitces
Routes of Species of Days of positive for virus tracanifting virus
Infection Moagquitoes Extrinsic
Incubation Runbor Tested Maber of Prensuission
Attempts
Miceo Blood Droplet Mice Blcod Droplet
&  1/5 3/6 o/5 3/6
INTRATHO- Aedes i 0
RACIC albopictus . 0/2 1/9 0/2 /9
3/14 y’v‘g 0/14 _-_‘4“9
0 0/5
6 1!3 Cllfﬁ' n
ORAL edes : . 0/2 0/8 0/2 o/e
elbopictus
[ : % =W
- /3
- = 1/3 /
s Aedos
INTRATHO- | === = 1/3
RACIC aogyptl = 1/3 =7
4 2
3 0/2
— 7 2 = o3 ‘
__F-'?_-_-'r
: ede - : .
ORAL ;ﬁg il
- = o/5
o AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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rod further passage in fresh mosquitoes before
quent isolation and identification. On tho same day, none
of ﬂ! 5 mosquitocs which fed on susceptible micc transmitted
If ‘V_ﬁ’gﬂ %o the host., Only onc of these mosquitoes was infocted,
;ﬁ'h A virus titre of 2.8 dex. On day 7, ninc mosquitocas
ongorged on blood droplots, and nome tranmaitted virus, although
only onc was positive for virus (titrc 2.2 dox). Tho two inoculated
nosquitoons fceding on mice werc nogative for virus and failed to
| tronemit same to bitton mice. On day 10, one moequito with a
virus titro of 3.0 dox "tranmittod" virus to a drop of blood.
The other throc wore negative for virus and did not transmit virus.
Of the 7 mosquitocs that fod on micc, two of which wore infected,
(virus titre 2.4 dox and 2.7 dox) none tmanmittad virus to the
miog. Ono mosquito, of mauc that ongorged on tho blood moal
0 -'m virus, had o H.tm of 1.9 dox, however it failod t.u
tranmit virus to suscoptible mouso after six days of oxtrinsio
dncubation, Mo virus was found in the other six, which aleo did
NG

- m.tm to susccptibls mise on which thoy fed,
p 4 L On day 7 of extrinsio incubation following a
' ‘Q’“‘-‘“’“ of iedeg nemypti mosquitocs with 1.8 dox of
s por sopguito, ono of the thric tosted, traneudtied
It bad A titre of 2.5 dux, None of tho five jedes
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fl T Tissue culture sesceptibility studies

I Five strains of Orungo virus were tested for their ability

F :"h propagate and multiply in Vero, BHE-21, and Acdcs albopictus

| “cell lincs. Detalls of establishment and maintenance of cach of
| ‘the cell lincs have been given under mateorials and methods

t‘ (section 3.7).

| Ten porcent mousc brain suspensions proparod in mainte-

nance medium (MEME) supplomentod with 2% innctivated FCS, were

immlahﬂ. onto conflucnt cell culture monolaycrs from which mediun

had been drained off, Each tube was inocculatad with 0.1 al of
wirus suspenision. &fter viral adsorption at 370{: for 1 hr. tho
wirus euspension was draincd off and tho oonolayer washed with

jlank's BS3 (containing mo PCS). Freosh maintenancs nedium was
then sdded. The tubes or bottles wore incubated at 37°C nd

m m- and after six blind passages,
. Lol minfnﬂmat?munmmlﬂﬂl
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ngo virus. A slight modifiocation to the standard procedurcs

peinizod using a 0,259 solution of typsin in Hank's
‘balanced salt solution. Tho dispersed cells were rogrown by
subculturing into frosh bottlos containing no colle and reincubated
at 31°ﬂ with daily oxaninations for CPE, 7iith this modification,
‘Orungo virus was sdopted and propagated in Voro cell cultures.
~ Pron prelininary obscrvations, trypoination between 24-40 hours
pﬁlt".h:fuu_tinn, bofora overgrowth and aging of cells consistontly
rosultod in production of CPE. Tho trypeinization and subeculturing
of infocted colls was only carricd out at the initial stoge of
infocting cell culturos with mousc brain suspensions., Jith the
production nf.GFE following this initial frypsinization, it was
,pulnihla to infoct Cresh conflusnt cells using culture fluide and
‘produce CPE without trypsinization. The tinc of appearence of CFE

dccrcascd #ith incrensing passages until the S5th passage (Table 18),
whon CFE sppearcd regularly from day 2 post infootlon. Comploto
t553'“-! mhhwl by day 3 or 4 post infeotion. Only the romult

L cf Tb B13019 strain of Orungo virus are preeented am tho othor

) shains gave

ed 4 Vexo in 0011 monolayer oultures grown in tubes.
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TABLE 18

LD.PT.TION AND PROPAGATION OF ORUNGO (H13019) VIRUS IN

VERO CELLS FOLIOWING TRYPSINISLTION ‘ND SUB-CULTURING

TITRE CFT
| BASSLGE  CPR DEX/0.02 ml. DEX/0.02 ml ‘ouse TC FLUID
- ¥o. IN MOUSE IN VERO CELL BRIIN
| 1 +(4)= FT** L = Y
| 2 +(4) T = U °
| 3 +(3) 0.6 g : >
| 4 +(3) nT hE 5 =
5 +(2) 1.1 L0 5 i
6 +(2) NT = ’ ;
7 +(2) NT %! K ’
o +(2) 3.4 32 : .
9 +(2) BT A ¢ i
- 5 3.7 + 4

- AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



ore Werc washed three times with Hank's BSS

nd each tube was inoculated with 0.1 Bl of virue suspension

ing 5.0 ﬁ'ﬂx:mmsofml in MRMT supplomented with % FOS,
i aﬂmrptian ¥as allowed to take place for onc hour, at
37°E or room mpom'hm {_23 + 1 G) aftor which, monolayors

~ Wore "ln.ﬂnd. three tinca with Hank's BSS. Fach tube was then fod

k with 1,0 ml of MDME supplemented sith 2% FCS, and pedncubated at

\ e
) 31 c cr 23 C. At G' 12. 2"1[ ‘er‘ ?21 9{1 md 120 hr. ]}ﬂﬂt infootion

fivo tubes were harvested and treated as follows: The fluids

from cach of tho tubes were poolud, mnd $ho momolayer culture

’ rinped with Hank's BSS., Ceclle woro oecrapod off cach tu‘-hc'n.lth

I a rubber polliccman. The ceraped celle wore then suspendod in the
1.0 nl of medium. Tho pooled fluids and cell guspoensions worv
stored at ~-70°C wntil titrated in baby adco.

The replication of Ib H.13019 strain of Orungs virus in
Voro colls in respeet of the timo of incubation and cell— and
fluid-rasociated virus s shorn in Pig, 16. Culturcs werv

T§_.-,-‘-'-,;r itod with 4.0 dex of Orungo virus. At 37°C and 6 hours of
Ancubation, 1.0 &cx of infectiots viris vas doteoted in the cells,
l) _ r-_ was detocted in the fluids, 4t 12 bours, virus

— P »
£1on was rirst detocted with a titro Incream to 1.5 dox
slls. Ropliontdon in ‘until coll-sseocisted virus

72 and 96 hourse of
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?-‘ CPE at 37°
ORio:
6 ]

02ml.

>

Infectivity titre in Dex/0
Cad

i

—SERRER Ny 65,
CPE at 23°c
- T

I T =3 |
24 4B T2 96 120 4
Hours of incubaton

T g - _

Replication of Orungo (IH.H13019) virus in Voro cells
at 37°% ( A = cell amsoointed, B = fluid asscoliated virus)

and 23°C (0 = ccll associated, D = fluild associated vimus)
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At 23°C, virus replication was first detocted at 48 hours of
Ancubation in cells, ana peak titre was 4.3 dox after 120 hours
of incubation. Wo virus was dotected in the fluids, until

betwoon the 96th and 120th hour of incuhation when there was a

dranatic inoroast in virus titre from balow 1.0 dex to 2.5 dex.
CPE was first oboorved at 72 hours post incubation, but was not
complete at 120 hours of incubation whon the expoeriment was
teminatea.

Cellular morphological altorations following virus infoction
was aleo studicd in Voro cells, Vero eoll culturcs wero
prepared in Loighton tubcs with covorslips as doscribed by

- Mednguist (1962). ‘fhon colls woro confluent, the fluid in the
~tube wns replaced with maintenanco mediun and the cell culturcs
~ inoowlatod with 2 dox TCID;, of Orungo virus, Control wninooulatcd
 tuboa wore sot up in parnllel and covuralips from both inooulatod
aad control tubey were removed for staining as follovs: Fixation
b Of o611 was ourried out dn fu1 ctrength motig sloshol for
0 Binutss aad loft to Ay at ros temperiturs. Tho cowrelips
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) == "w - :
4 nomal, uninfected confluent Voro coll nonolayer culture

4s shom in Plate 12, Early (2 days post incubation) and late
(3-4 Etv- post incubation) CP7 of Orunvo virus in the sauc coll
are shown in Plates 13 and 14, Barly stoges CPE uas choract-

rized by darkly staining homogenous nucloi with lons of nucloold

and loss of detailed nuclear internal structure, Collular outline

began to disappenr with a few pookets of clear spaces in tho
cell shect, ovidence of cellular ncerosis. Late stage CFE
showed a groater degree of cellular nccrosis with aggregation of

daxicly staining puclei duc to complete degenoration of oyto-
plamic material.

4.7.2 Orungo wirus in FEK-21 cell culturcs

BX-21 cell culturcs were grown at 36°C in MEE supplemontod
with 10% calf serun, thoy werc maintaincd on the samc nodiun
‘with 26 cnlf serun. Cells wore grovm in bottlee for passagos,
in tules for growth curve, and in Lab-Tok slide chambors (8 wolle/
01440, Miles Laborctories, Napperville, Illinois) for imsmunofluo-
R N stolngy, Baris) harvosts tomineting at complete
CPE wore madc for growth curve, immmofluoresocnce and histology.

wiluorescinoe staining was as previously dasoribed for
) '- Mﬂ. nlinr infected and control DHX-21 colle aa
ten. For histology, infected and control oultarv cvlls
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Plata 12

Horus)l monoleycr of Yoero celle.
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Plate 13

,d
[
. 2

-
l
-y
o
e

l!f!j"‘jl'&_}r’r : Vo |

QI"-;J:‘»‘_-"Z' vimus 2 day® post inoul LOM « 1250.
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Plate 14

'lllﬂ.uc:r of Vero ocolls showing oytopathic effoct
of Orungo virus 3-4 days post incubation. X250.
i
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The rate of growth of Orungo (Ib H,13019) virus in BHK-21
cella is shown in Pig. 17. Culturcs woro inoculated with 4.7 dex
of Orungo virus. At 6 hours as well ng 12 hours incubation, 1,2

dex of virus was dotooted in the oells while the fluid wae
negative for virus, Virus repliocation was first dotectod at
24 houra incubation, with a titro increase to 2.5 dex in tho eells

and 0.7 dox in the fluids. The peak virus replication was 5.2
dex for tho cells at 72 hours incubation. Virus titre peak of
3.5 dox in the fluids was at 96 houre incubation, by which time

tho coll-associated wvirus titro had decreased to 4.5 dex,
possibly duo to relemsc of virue into the fluid mediun,

The time of initinl appearance of CPE was on day 4, howevor

this decreascd with increasing BAK-21 cell passages and stabilised

at 36 hours from the third passage onwards, Complete CPE was
achioved at 60-72 hours of incubation at 36°C,

The character of the CPE in infocted HHK-21 colle as studied
by Giemea staining of soquontinl bharvests, rcovealed focal rounding

of colls with a retraction of cytoplasm resulting in oxtrome

density (Plate 15). This progressed to involve nmassive aggregatos

of cells with fusion and nocrosis onding in homogenous, basophilic

opaque magoes (Flate 16), Those aggrogates romained attached for

lﬂl'l periods; theroafter large clear opaces appearcd in the oell
.‘.ﬂ.l_plq'lr, ao these msasen of necrotic dobris dstached froo tho

s (Plate 17). Parallel immunofluoresoénce microscopy revoaled
B T= ~ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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Infectivity titre (Dex/0-0 2ml.)

24 48 72 96
Hours of incubation

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 150 -

Plate 15

HEKE-21 oolle infocted with Orunge virus shovwing

early oytopnthio effect (12 hours). X177.
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Plate 16

BHK~-21 colls infooted with Orungo virus {llustrating

late stage cytopathic effoct (60 hours). X177.
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BHK

=21 ¢0lls infootod with Orunge virus showing
elear Spacos in monolayer where masson of nearotio

fellular dobris have detached, X177,
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fow cello; by 48 hours the majority of celle showed intrasytop-
lamic antigen distributed in large punctate massos (Plate 18).
Of note was tho tondonoy of dcad or dying cells to exhibit bright,
spooific, fluorescence uniformly in oytoplasm and nucleus; it was
concludod that ml_mmmntud o stage of oytonsorosis whon

nucloar mb_ﬁnn' intogrity was lost and antigen was froc to fi11
tho atill intaot colle,

- -
A+.7.3 Orungo virge in Acdos albopioctus cells line

Aedeg albopictus an line provided hy Di";. Eanjn B’unl:]‘.nyl;
Yale Arbovirus Research Unit, Hew Haven, Gunnentiuut U.5.A. %1‘
was ueed for those ptudies. The celle unrzu gmuim in 2 oz flint
Ill-ll bottles and maintained in BO¥ Hitluhmnh.t-l-laﬁmmnuh (M)
medium supplementod with 20% FCS, (u—u-ao-za). Confluent ocells
were inoculatod with 0.2 ml of 5.0 dax of Dnﬁ.&u virus, incubated

for 1 hour at room temperaturce before rinsing with Rinaldini's salt
eolution. Each bottle was then fod with 5 mls of N-M-80-20 mediun.
‘Previous passage history of the Orungo (AR.52302) virus strain
used was 7th mouse brain passage and 2nd DiK-21 cell passago. At
muqum {ntorvale fluids and colls werc harvested and titrated

by CF, mouse inoculation, or inoculation of BHK-21 coll
. Two drops of undilmted from infootod coll culture (an
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Plate 18

BiK-21 colls infooted with Orungo virus.

fseminafluorescence at 480 hours. X250.
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itigon) were d against two-fold dilutmqu of spocific
Orung ]l n :l,n & routine CF teat. Orungo vim failed to replicate
41 . M line after throe successive pasoagen,

A A eummary of host susocptibility of Orungo virus is presented
4n Table 19.

L] L
o .
s [ 4

4.8 Plague formabion in Voro and MK-21 ccll culturcs

. The da&wlupmnnt of p]}qunﬂ in Yoro and BHK-21 coll cultures

lp'ﬂﬂmuu vimﬁ straine mlmr ].I‘I\Pﬂﬂ-tig‘.!}tliﬂ. Ono ounco flint glass
presoription ho'a’tlus wore socdod m.th";"n min of coll suspension

~ gontaining 150,000 cclli/inl and inuubz-'n:tnd-' at 3700 for 2 dayn to
:.ﬁ\ifn‘w confluont shoets. For inqaulluon af virys, the fluid
medium was wenoved from the 'uu}tr:ui;u;s.and 0.1 ol of oach -.ruhn
ﬂ.‘ll\ﬂ;;l.mi wno adsorbed for 1 hour at 370(‘-'. This was followod by

1 Q‘-ho addition of 5 mle of freshly proparcd nutricnt agar ovorlay
r‘ﬁuntuni.lis neutral rod, or 3 :Il*ﬂf tho overlay without neutral red,
J‘Phrmtﬁultms- more lincubated in an inverted position at 37%¢

snd. mﬁ dafly £6
dater 3 nl of a sccond sverlay mntnﬂnﬁ'hﬂutml red was opplied

i 1 o .ﬂurﬁw‘ containing initial overlay pidim without nputral rod.
A1] ﬁ.w Orungo virus atroina developed plaques in Vero
ore was no difforonce. :l.h p‘.laqu,ﬂin. Plate 19 ghows

e :-}‘f‘. o N in tise of nog
1 Orungo Qf"‘ Flh_i? The aiffercnco i of appearan
g |
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TARLE 19 2

SUSCEPTISILITY OF VERTEBRATES, :
ATES, ARTHROPODS AID CELL QULTURSS TO EXPRRDMCNT
ORUNCO VIRUS 5 10 EXPTADENTAL THFECTION IITH

_—

“VoTR e

Exporinental Passage histo T
ry d5e of I . ;
Host of strain uscd 1:-.:11(*0 noculation  Evidonce of survival  Tiire in
Route ol Hiétion tﬁu *fr (dex/0.02 m1)
al, aYs
Micec 7th suckling = days {c 02 - =
’ P Daath, 7 o ’
mouse brain (enb) 1=} days ip 03 - = 3..' 83
< =i dxys 8¢ .03 - 3
10 days de .02 Death 12-15a 3.2
- b=Th 3.0
EC .03 -
3.4 week ic .03 - s
i’F . TG - 0
=55 * o
2 daye: ic .02 Death, viremia 3.5-4.0 o5T1.2
7th (mab) . ip .03 Death, antibody 14.0 4.2-5.0
developoent
— an
3 week ip .10 antibody - -
= .10 antibody -
= .
10 weeks con.* «10 i
3rd (=ab) ip 2% 10 Antibody in 3~4
weeks p.i.
iv 2
a ac " 2and 5
4 Antibody
3rd (=ab) " .;pah‘.s sc LU

a
== AFRICAMMM?OJECT
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TABLE 19 (continued)

— e —

E ine : Average
m;oathtal f:?—ﬂ::ﬁ:! hiﬂt:br:f -b:;,"."-' of Ir_gcu_]__—_-.tion E?idfﬂcf.‘ of survival Titre in
rain uged 2ice infection tize as? (dex/
Route al. (daye) dex/9.02 ﬂu
Sparrovs Tth (msb) Adult iv 0.1 -
BO 0.1 -
oral C.1 -
Chicks 7th (sod) 1 day old iv 0.1
80 0.1
Cell culture: ( ) : e 5 §
BHK-21 Tth (smb OFB - :
Vero 4 CFPZ, plaques 2-3 6.0
Aedes . o4 = o
—_albo ictus " . o multiplication
line " = o e .} i - . |
A1t Tntra- : Time 0 2.0 dex/ mosguito. B
Aedes 7th (s=b) = thoracic 20006 Day 6 2/11 nosguitoes Tranmiesion
{5 albopictus {nfected with 2.3 dex  pesitive.
e and 2.0 dex of virus. - M
' Day 7 1/11 nosguitoes Yo tranmizsio
. : infected with 2.2 dex. =
! Day 10 3411 mosquitoen Transmission
L A : infeoted with 2.4 dex,  positiw.
- 2.7 dex and 3.0 dex :
¥ % of virus respectively. BN
e Time O 1.0 dex/mosquito.

: toea -
thoracic pay 1 Iﬁll:ﬂ?:iﬁ 2.5 dex

of virus.
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Plate 19

—— "rw— "-‘--l_'.

Orungo virus plagques in Vero coelle. X1
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:'_: ;hl&glhu Vas dopendont on the type of overlay nodium uscd,
fhen the double overlay was used plaque appeared within 3 daye of
Anoubation; with tho single overlay, plaquos appoared 48 hours

1ator, In goneral, the titres of virua straine treatod with doublo

-

ovorlay wore 'botwgn 1I?.'!‘1 - 102 plaques forming units (pfu) greater

than those with single ovorlay.

A.9 Aptigenic !lﬂ. dyses of Orungo virue

.4119-1 Ant 0 relationghip aof Orungo virus to other viruses

Eight stralns of the virus isolated in Nigeria which wore
oarlier reported to be antigenically :I.nd‘;.ntln{;ulnhahh! from tho
prototype Orungo virun - UgP 359 strain lsolated in Uganda, were
soxrecncd in CP tonts *.Lnnt over 150 virusce roprosonting the
major virus groups: Alphavirusos, Dunya and Punya-like virusos,
Flavivirusos, Orbivirusen, Rhabdoviguoos and other unclasaified
viruses. The Uganda prototypo virus strain was also included in
thees tuets.

i f One of QJ: nine strains tosted, (H.60974) gave positive CF

| %ﬁlﬂﬂmu vlt;h-';nmnm virus. The othor cight strains including
'i!u“,,ﬂnﬂa strain gave negative rooulto with tho antigons, or

an mum or both of the following viruscn.

g A
Alphaviruess: Chikungunya, Mayaro, Middloburg, M'dumi, O'nyong-
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uei Lassa, Tacaribe,

rug:  Akabano, Batal, Bunymwora, Botambi But tonwillow,
Wu‘n, Cache valloy, California cneophalitis, Capin, Germinton
Guama, Ilesha, Ingwavuma, Koystone, La Crosso, Lokem, Lunbo,
Maguari, Main Drain, Manzanilla, Marituba, Melao, Olifantevied
Oropuche, Pongola, Sabo, Totc, Trivittatus, Ukauwa, Utinga,Yaba 7,
Bunyavirus-like: (similar morphology, but scrologic dissimilarity

to Punya viruses): Arumowot, Bakau, Dhanjs, Chagres,Congo, Dugbe,

Ganjam, Itaporanga, Mpoko, Rift Vallcy, Sandly fover, Tataguine,

Thogoto, Turlock, Unbro,

Flavivirusos: Banzi, Bouboui, Bukalassabat, Bussuquara, Dakar bat,

dengus 1,2.3.,4, Entabbo bat, Ilhous, Koutango, Modoc, Ntayn, Saboya,

Spondwoni, Tyuleniy, Uganfla §, Usutu, Tesselsbron, Jost Nile, Yollow
fevor and Zika,

‘ ﬁﬂmt african horse ai.aimuiu. Baku, bluctongue, Chaguinola,

ﬂhmd.l., Colorsdo tiek fever, cpizootic homorrhagic discase of deer

(ED), Eubenangea, Komorovo, Lebombo, Mono Lake, Palyan, Umatilla,

Jovine ophemeral fover, Chandipura, Flandore, Hart

, Lagos bat, Mokoln Mooou:il.
qpop: Bandia, Boteke, Gossas, Joo, Eouraliba, Lo
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#49.2 Antigonic sin{laritios betwoen Orungo virus straing

i Soven Orungo virus straine isolated in Nigoria and the prototypo

strain from Uganda wore comparcd by CF tousts for poszible antigonio
difforcnces.

Inoluded in thic study was etrain H60974, which had
earlior been reportod as a strain of Orungo virus, Monath ot al,
{up. olt.) but which in several CF teots was found to bo rolatod

| to Tataguine virus and not Orungo virus. BSucrosc-acctone extrasted
antigons produced for each strain according to the mothod of Clarke

L and Casals (op. cit.) sorved ns the mource of CF antigone. Imrmino

um to each virus straln werc produced using one, two or four

injection(s), Fruend's adjuvant and parcona 180 TG colln as

déscribed by Tikasingh ot al (op. cit.). Tho MAPS thus produced
Teprosented stagoe of renctivity from spocific to broad-rvacting.
;' ! ﬁ!ﬂﬂ fluids were diluted 1:4 with veronal buffor diluent and

N U
activated at 56°C for 30 minutos, Two fold sorial dilutions of

#:I_lpi ﬂuid.l woxre roactod in a "Chockorboard” or "crose block"

‘with two-fold sorial sntigen dilutions, The Lmmune fluide
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2 units was added to each woll, Tho ailuted antizons
%hn distributed according to tho plan of the test, onc drop
per mrhbn well, In addition to the viral antiguns and IMAPS
: Wﬂ in tho test, normmal nouse brain and normal mouso fluid
Werd included as oontrols. Anticomplomontary controla, antigon or
:lﬂurln fluids with diluont wore alse ineluded for cach immune fluid
and ontigen. Final complement titration to detarmine exact unit

" of complement usod in tost wns done nlong with the test by adding
2 dropa of complement fxom original mastor tubos to 1 drop of
‘A4luent in each woll.

The plates wore incubated at 4°C for 15-18 hours. Thervalter
thoey were placcd at 3T°G for a fow minutos before adding one drop
Lﬂ'.ﬁ_aﬁ ml) of sonsitized mhoop colle por well. The platos worxo
Ancubated at 37°C for 30 nynutos and shaken at ton aimite intervals.
- Thoy wers then plocod at A°C to allow colls to mettle. A reading
of A (nn henolysis) or 3 (256 hemolyain) was taken as positivo.

& ending of 2 (50% honolysis) and lusa woro nogativo,

\ ‘ ﬂlqﬂ:h obtaincd by tho CP tosts dro shovn in Tables 20 &, b,

3% Ds i Hmmm only tho titres of antibhodics arc given. The
: g .'_M oxprosecd na tho reciprocals of highest dilutions ol tho
A four-fold or greater diffexcnec butwaen

—*ﬁ;;w ‘wns umquoﬂd significant., Thore are three
||.

el

[y

e e
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TABLE 20a

RISULTS OF CROSS COMPLEMENT - PIXLTION TEST OF ORUNGO VIRUS
STHLINS: SUCROSE ACDTONE ANTIGONS - SINGLE SHOT MAFs

- O — -

IMMUNE MOUSE ASCITIC FLUIDS
A e a
11306 13019 30115 52302 60784 60818 (0974
o 4 s
ﬁi’m 320 16 8 B16 16 16 0 16
I“ s, Txu 8 4 4 32 0 32
32 32 « A5 16 0 32 0 32
16 4 8 - 4 32 0 32
8 4 4 i A6 16 0 8
64 64 16 16 8 ok 0 32
0 0 0 0 0 0 1 0
0 0 o 0 0 0o _16
S Ll

ﬁ'ii:ld;ut dilution of MAP giving at lease 3+ fixation.

L v}
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TABLE 20b

RESULTS OF CROSS-COMPLEMENT-FIX.TION TESTS OF ORUNCO

VIRUS STRAINS-SUCROSE-ACETONE ANTIGEN - TWO-SHOT MAFs

IMIMUNE MOU3E ASCITIC FLUID

ANTIGEN
11306 13019 30115 52302 60784 60818 60974 UgMP359
11306 _64* 32 32 32 32 16 0 32
13019 64 _64 16 32 32 32 0 128
30115 64 32 64 32 32 16 0 128
52302 64 16 16 ;e 84 4 0 64
60784 64 16 8 32 =R 4 0 32
60818 32 128 64 2 128 _64 0 256
60974 0 0 0 0 0 0" “Emoll 0
UgP3s50 3R 16 16 o 8 16 0 NS RS

* Highest atlution giving at loant 3+ fixation.
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TABLE 200

RESULTS OF CROSS COMPLEMENT-FIXATION TEST OF ORUNGD VIRUS

STRAINS-SUCROSE ACETONE-ANTIGENS - FOUR-JHOT MAFa.

IMMUNE MOUSE ASCITIC FLUIDS

ANTICENS
11306 13019 30115 52302 60784 60818 60974 UglP359
11706 128 64 128 32 128 16 0 64
13019 64 128 128 16 128 64 0 128
0115 64 128 128 32 128 32 0 128
52302 64 64 64 16 128 16 0 128
60784 54 32 32 B 120 16 0 64
60810 64 256 512 32 256 61 0 512
60974 v 0 0 0 0 0 _64 0
UeNP359 64 64 32 8 64 32 o _3

T — e ———

* Highest dilution giving at loant %+ fixation.
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from themo muultl, that virus H60974 4o not a strain
. - "r

Tingo virus. In all renctions betwoen tho 360914 mystoms and
nﬁ vi:nn straine, no cross-renctivity was dﬂmuntmtud.

31 further nn‘hrixm thoe romalts of the screening tust. GSecondly,

'| with onc-shot MAP (opocific) the Uganda strain of Orungo virus
||-’- - i‘lg:lwd. a one=way cross reaction with tho antigons of the other
1 ptraino, Ite antigoen fadled to renct with the onc=shot MAPS

produced agninst the othwr otrains. Howavar, with bxoador roncting

. [ 5
MAPS (hyporimmunc) groator cross roactivity was noticcd, until the
d=ahot MAF level, whon tho Uganda strain showod® gomplete 2-way

~ oross-roactivity. Finally, strain H60818 consistontly showed o

bropdor roacting syated than any of the othor streins. Using the

Ugonda prototypo straln as n baais for diffeorontiation, it appoars
that strain 52302 ias slightly ﬂii:famnt fron the othor strains,

All the other strains are of human ordigin, vhile strain 52302 {8 an
arthropod isolate.

Tho dotall rosult of thoe CP tosts arc showm in Figs. 18 a, b, a.

O of Orungo virus as a mothod of

iITAL HEALTH REPOSITORY PROJECT



e

s 1351"-

tions from the results of cross~CF reactions,

g

l‘m those msult:, that virus H60974 is not a strain
'vim: In all ronotions 'bot.vaun tho Hﬁﬂﬂa} mystoms and
“v:h:ul strains, no cmln-mnntivity was dﬂmnutmtcd.
mrl fllﬂhﬁr Mirn! the romults of tho scroening test, Secondly,
| ﬁi‘h one-shot MAP (spocific) the Uganda strain of Orungo virus
i.L‘-“&!_vd a one=way croos reaction with the antigpens of the other

| straino. Its antigen falled to mant with the onc-shot MAFS
produced againot the other straines, Ilnw vor, with hroader rcacting
|)| MAFS (hyperinmunc) grontor ercos mmtivit; was noticed, until the
A=shot MAP lovel, whon tho Ugandn strain showed®complots 2-wray

| cross-reactivity. FPinally, atrain H60818 consistontly showed a

! ‘broader reacting eyated than any of the other strains. Using tho
Uganda prototype strain as n basin for differcntiation, it appears

that strain 52302 is slightly difforont fronm the othor straina,

~ A1l the othexr strains ar¢ of husan origin, while strain 522 {s nn
arthropod isolate,

The dotadl result of tho CF tasts arc showm in Figse. 16 a, b, o.
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Ismunologionl relationships anong Orunge virus strains in

complement fixation test. Sucrosv acetone antigen versus

1 ahot mouse asoltio fluids. (1 = H11306; 2 = K13019;
H30115; 4 = A52302; 5 = HEOTB4; 6 = HE0A18;

@ 359) -
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Fig. 16b
=S LUE | e . 1

RO v-"-"-—-m'
i

DImssunological relationshipe among Orungo virus straine in
complement fisation tosts. Bucroso acotone antigen vorsus
2 ghot mouse asoitic fluids. (1 = H11306; 2 = B13019;

3 = H30115; 4 = AR52302¢ 5 = H60T84; 6 = HE0D16;

T = vam 359).
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Fig. 1dc

-

Mouse Azl

r I-:lu;ﬂq

Tmounological relationshipa among Orungo virus straina in

complenent fixation teste. Sucmoe acotono antigon vorous

Uit wouso asoitic fluids. (1 = H11306; 2 =H1301%
¥ ﬂ3ﬂ115; A = AR52302; 5 - HEOTEA ) 6 = 160018
1 = UafF 359) »
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04 out according to the method of Clarke and
Casal E,Cﬁ} oit.), Serial 2-fold dilutions of antigons in 0.4%

ine M (BA) were proparad, Tho antigon dilutions wore
ﬁlﬁlﬁ.q‘-‘ﬂl W of 5.8 to 7.2 at 4%, roon temperature (23°%

200} and 31 €. Tho orythrooytes wore used in a final dilution
of 1:240 of packod cells.

The HA titrations woro porfomed in plastic plintun by the

- ‘microtitor mothod. The laot woll in cnch row containecd cqual
volumo of diluont and appropriate xed cclls as controls. Thwwe
Iiﬁtl of platos were incubated at the dﬂfumnt‘tumﬁrnturun to
detormine the suitablo tﬂnpﬁmtu_m? to innuh;:l.tu the tost,

No henagglutinating activity was dotocted when suoroso
acotone oxtraotod antigen for the eix strains of Orungo virus
(evon aftor protamine trontnont) woro testod against gttuae', ‘gont,
‘shoop, Patas and Rhesus pmonkcy, and human O erythrocytes. Similarly,
‘hyperimmune MAPS preparcd againet tho strains, (starting dflution

1:10) A1d not inhibit agglutination by hemagglutinnins (4-8 unite)

for Teprosentative viruscs of tho oajor virus groupo.

studice of Orungo virus strains. Eight strains

L

Al !Jr Im‘nﬁmr on to bt o lt--'ﬂlil'l-ﬂf Tﬂm 'l"lﬂl

|
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‘BucTosd-goetone oxtracted, or 10§ infooted mouse hrain saline

| . suspended antigen worc renoted with unddluted and uninactivated

DMAFg. “/hen contral wolle contained the antipons the peripheral

.
A welle wore filled with the IMAFSe and vico=versa., The slidcs wero

I i
'-,;i_.nc‘uhl:\i:ud ot room tomporature in hunidificd chambers and observod

= {m:l,r until prooipitin linos were visible, S8lided nll‘:uuin{r preoipitin

‘1ines werc photographed wet or ataincd for pomanont rcord,

Btn.:lnmg of u‘_.Lidnn was oarricd out as followe: elidos wore washod

for sevoral hours in nommal saline with 3-4 changus of saline.

|, The slidos wore next wnshod in distilled water for 30 minutes,
ﬁ!nt-lin_tlnn papora woro placed on tho agar surface and left to dry

ovemight at roon tcr:ia'amtum. Jhon tho slidos wore dricd, tho

".i.lntlnm_l pape re were removed and the slidos staincd with Thiazine

- Red dyo for 510 minutcs, Excoss stain waa removed with three
~ muccossive washings in 9% scctic acld. Tho stained slidos wore

e

in covered with lintlcss paper and left to dry at room tomporature,

Iimﬂ 19 shows the schomatic roprosentation of proeipitin
lines obtained in the comparison studios with agar-gol procipitation
Procipitin linos dovolopud betwoon crude antigun propara=

(APs but not with sucrose-nootono antigen. 4 ainglo
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Reprépontntive mvsults of agar-el procipit
Lo nirnl well contains antl n, = 2

(1) = Drungo prototypoe stra
{.jj = 13019, {.1) = H30115; (r’} AR52302;

(7) = nso794, (8) = uE0818,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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PINCADITIn 1ine of complete identity developed with 7 strains

of ':‘f.f*?-i":'-“"'_-':_‘-'“'r Progipitin 1dnos devoloped to the strain HEC974

m bk' ‘Thomologpue rosstions,

ﬁm antigon preparations and DIAP of the strain HE0974

Wero rescted with strain of Tataguine virus 19963 (antigons and

- MAF). Proecipitin lines developed betwoon stralnsH60974 and the
t:w:m LG TRYRLE ot Mot With the othox Omings: vixis

|

lna, Fig. 20. This confirma the rcoults of CF toats that
strain H60974 is Tataguine virus.

The microtitre modification of Ouchterlony toat as described
by Awernheimor and Atchloy (op. oit.) was aleo used in the
conparison tést, This was rcportod to be more sonoitive than tho
‘original Ouchterlony test. Similar rusults as obtaincd for the

‘Duchterlony test worc rucordod.

L]

' 2,

49,5 :Hdui:'!;n_liﬂting topts with Orunso vinio strain .
Two tochniques of noutralization taots wore coployod with

‘Orungo virus strains. Theoo wore tha eonstan t-n¢ run-varying-virus

e\ A& ne and tho constant-virus-varying oorun domc tochniquos, All
"“' L ﬁiou tupte wore carrdod out in 2-3=-dny old mica.

41 mtuiﬁ;nwimﬂm; doso tochnique, equal
of 12 M10-Iulﬂ perial dilutions of ench virus wore

e for 60 nimites at 37°C. After incubation, tho
4 in ioe Bath for inoculation into

AL HEALTH REPOSITORY PROJECT
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'th'ﬂ'wntntiw repult of agar-gel procipitation toote.
%‘h‘.ﬁl wells contain antliguns, outer wells, MAPS,
go prototype, strain Usd 359, (2) 1 11306,
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ioo, 0,02 nl of onch nixture was incculated

—-.I'lll-.-t—h e

C int " nice which wore observed for 14 days. Titration
wﬂnﬁs fron tho noutralization indfous were calculaged and
‘datomiined by the mothod of fced and Muench (op. cit.).

. For the' mﬂtﬁltj—'ﬂ.‘:u'l-ﬂmmg sorun toohniquo, aqu:n.l vo luno
O a knom virus doso (100 LDgy) and 2-fold sorial dilution of MAF
woroe P‘“’“ b nd l:or« 60 minutcs M: .3700._ ﬂ’ahtr procodurces werd oo
&Gorhhﬂ.-.i‘nr t.hn mnttmt—mnm—vmim, virus doso techniquoe.

] 'nmlp—mﬁtnlmtiﬁn h.:tu were purfo:rl:rl by mwtinej onch virus

~ strain uith thn- tnmlnguuu and hﬁtumlafpun IMAF, Table 21 shows
'ﬂhﬂ nntruli.utinn indicos fron- :n:rmltn of ocross-ncttralization tosts
by the mnmt-fwﬂn-vaﬂmg-vlms dllutlnn tochnigque. Differonces
‘betwoen. ntmin- wort considercd aim.i.timnt if hetorologous and
{'-WLQM‘:’ titros diffored by at loant 1.0 dex. Using the prototype,
~ U@ 359 strain as o hasie for reforonce, only otrmin H 13019 showed
& tuo-way cross N ractivity with the prototyps. Tho MAF to tho
 pretotype neutraliged 1.1 dex and 1.3 dex of the howmolopous and
‘hetorplogous virus strains reepoctivoly. Binilarly, M.P 13019

jdnmd noutralising indicos 1.3 and 1.9 dox to homologous and
ous viruses rospootively. The M.P to tho prototype
1,7 dex nnd 2,9 dox of otrain il 60704 and 1 60818
viruso f: 'ﬂﬁpn;..g;w: MAP 60818 noutralized only 0.7 dex
| o whilo thnvm no crose-protcction batwoon tho
ﬂ" prototype virua strains, The arthropod isolate

—fFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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NEUTRALISATION INDICES OF CROSS-NEUTRALISATION TESTS
e VITH ORUNGO VIRUS STRATNS

ra

 NEUTRALISATION INDICES (In DEX)
Tmanune lMouse Ascitic Fluids (IIAFs).

-

! 2302 . 60784 60018 60974 U@P.259

0 0 0 0 0 0
| {1 0 0 1.3 0 1.3

0;6F 2,8 2.3 0.9 0 0
2.8 2.8 2.8 1.1 0 1.7
B9 0 - 1.0 2.5 O 2.9
o, © 0 0 4.0 0
1.9 0 0, 0.7 0 1.4
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fgeria was morv closely relatod to strain H 60784, as both

virus eystens cross-protocted almost titre for titre. Strain

L 11306 ﬂl:l'lnd.dnly a one-way oross-reaction with strain H 60784,
th its MAP noutralizing 1.8 dox. Strain H 60974 was inoludod
1" :-'-ﬁml'iil results obtaincd by the CF and AGD tosta,

.~ Using tho constant-virue-varying serus tochniquo, a four

I

fold aifforcnco botwoen homologues and heterologous sorum dilutions
L

noutralizing 100 I‘“-jo of virus, was considored pignificant in

‘differcntinting virus strains. Groater oross-reactivity wne
it

obrorved botween the virus straing sccording to the remilts

" Outainod by thin method (Tablo 22). Strain H 11306, which in tho

formor method show only o ono-way orose-reaction with strain
rl 3
B 60784, now showod o two-doy roaotion, although a significant

h us and hetorologous roactions

d4ffercnoo wna noticed in the homologo

I I
with USP 359 the prototype strain, Sinilarly strain iR 52302

‘whope MAP Grops protootod strain H 60784 by the constan

i
t=-50TUn

varying virus techniquo, now showod crosa-ronctivity with all tho

_othor strains, although, roaction with strain H 60784 was greatost,

3 4.10 Serolopieal surves for Orunso virus noutralis antibodics

- trnr poutralizing antibodics to Orungo virus wns
{n~ls in 17 looations of /4 voolo=
Venoua blood Wnas

4 m.eipm from man end an.
18, 1!" guros 22 showa those 1ooations.

i
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RECIPROCAL OF SERUM DILUTIONS NEUTRALISING 2 DEX

-

Ll

: OF ORUNGO, VIRUS
® Imnune House Ascitic Fluids » (1HAFs)
111306 13019 52302 60784 60818 mt,_}rq g 359
——
25 16 12 15 25 0 oy 1
8 40 7 8 50 0 17
18 5 20 18 25 0 6
22 50 20 60 35 0 15
18 17 25 50 0 4
(i 0 0 0 0 64 0
35 10 10 12 0 20
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ans dnto sterile syringes
_.l-ir ;_4- rbq;-aun plastic t“i'. m,ﬁqnﬁ;_x
601“:1 wot ice. On rotum to the Ib

L "Iﬁ%..lﬁm were transforred to a mechanioal froezdr (- a‘;)

~ Tha nunbor, source and datu of colloction of human sers tosted
ﬂum in Table 23, Dotails of nothods of cnlluctinn and

~ processing of monkoy scra have boon dunnrihl:d hy Monath ot al.

(1974), ond of donestic aninal and sinon *#Il.d ‘animal sora by

Iﬁﬂp ot al. .(-1971). Pirds woru colleotod in mist nots in Ibadan

| and brought back to the Laboratory, whexe they were bdled by

eErdisc puncturc, Sera were scparatod hj':nuntrifﬂaﬂ“““ nd

storod at =20°C until tosted, Tha number . —location and date of

~ eolleetion of aninal sora tosted arxv shorm in Table 25. The

mE 13019 strain of Orungo virus wﬁu uped in this survey at tho

Tth mouse brein paoasge lovel.

¥or thn sUrveoys, noutralization (N) tosto wore perfomod
Uaing n uﬂnltmt n;un-nnnhtant-vj.mn doso technigue .dn 2=} «day
91d Swiece whitc aico. Unailutod sora W©
*A\ mmu. &nqm voluse (0.1 ml) of
an estinatod 100 1*“50 waa added to vach sorun

1°ﬂ for one hour. Littors of 6
02 nl of individual virus-—

o inactivatod at 60°C for
yvirus puspeneion containing
and the nixture

Laby mico woro
mun moeciving 0.

nj.nq moro obscrved for 14 dnys. The
A _jpuu_lti.w

...... 5
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TABLE 23

SOURCE, DATE OF COLLECTION AFD NUMBER OF HWMAN SERA
TESTED FOR ORUNGO VIRUS NEUTRALIZIMG ANTIBODIES IN

| WIGERIA
e
- VEGRTATION ZOMNF LOCALITY DATE OF NUBER OF
COLLBCTION SERA
- Rain Porest Abeokuta 1973 159
Ibadan 1973-1974 157
Onitaha 1973 11
Hnowi 1971 32
Afikpo 1974 a1
Uyo 1974 141
Derived Savannah Bnugu 1974 33
Okwoga 19N 94
Southern Shakd 1973 19
Guinea Bavarnah L JoT1=1972 i
Lafin 19713=-1974 38
m - Joo 1970-1972 39
' Shendon Arce®  1973-1974 293
197

sshendan Arosi Shendan, Mabudi, Sabongida, lNlokhan, and Halat,
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TLALE 24

HESULTS OF HEUTRALIZATION TESTS FOR O7UNGO VIRUS AWTTRODICS, UALY SIRt, NIGRRIA iGE (YELas)

Etnilm.h.. |

| Vegetation Zono 0=9 10-19 20-39 40+ Total dized rate
Rain Porost 2/15%1.3)*  19/124(15.3)  53/301(19.6)  20/71(20.2)  100/641 (15.6)  17.0%

Dorivod Savannah 2/17 (13.3)  3/26 (11.5)  17/71(23.9)  7/13(53.8)  29/127 (22.8) 253

st t 2 7.2) 2 (33.3) 2[99 (B2)  ms
" ‘Savannah o/5 (0) /37 (10.8)  17/36 (41.2) 7/

Borthern Guinea gy (25.8)  14/55 (25.4) 59163 (36.2) 39/01(38) 12330 (36D FF
ik

A

12/158 (6.1)  40/2i2 (16.5) 152/571(26.6)  73/136(33.2) 277/1197(23.1)

.: '-. - g. 2% 17. 3 26.5% 36.05%

» mmbor positive/total munber tostod

#e porcontage positive.
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. 2 3 32
) '-.-.-f_."?"“-r"-r Hﬁ of .E.I 5 or 6 or 5 of 5 nicc survived at

i olose of "fh-iWnt. all other reoults were recorded ns

e !-hm of 1197 hunan sera teated, 277 (23.%8) worc
positive for Orungo virus N ontibody (Table 24). The stondardized

bvalence ratos for nge and vegctation zoncs wore not signifi-

dized ratos wore usocd in tho pnalysee. The highost
. .__-ﬁl_ma- rﬁta (34.295) wag found in the northem minca savannah

zono. The prevalenco of antibody in tho dorivod savannah zono

-ﬁ)'wu oimilar (P‘ >D,2§) to that dn the pouthurn guinoen
i,., ah zono (29,%) but sigmificantly lower (P < G.CGD‘I) than tho

R e Y - {n' tho northom m.’.i.nﬂn unmnﬂ" gonc,. No ﬂi{',!l‘!ifiﬂmt

Aifforonce '(0.25:}'1’ .?_0.1] wns found in the prevalenca ratcs

Pl
-

‘Botwcon thoe southrm and northom guinea savannah zones, Tho

lowest provalence rato (17.C:4) of Orungo virus (1) antibody wns

ouna in the min forest, and wan signifioantly lover than that
\ thor Apart froa the rain forcot zong, thore worw no

“Elgnificant difforuncos in
-_"'—‘\—I".-‘_':- '. H“" 'i't '-m. wm mﬂd m
fron the wot forostod areas to the

provnlenco Tates batwoen adjocent

provnlencd rate was obeexved
drior savannnh roions.

S
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TARLE 25

IS OF NEUTRALISATION TESTS FOR ORUNGO VIRUS ANTTEODIES IN
ANIMAL SERA TH NIGERTA

_ A Humhor
Date of positiv
Placoe of oolloction collection over
nushor
tegtad

Ibadan, Jos, Kano, Malduguri 1967-1969 14/59

Ibadan and Maiduqurdi 1970 0/48
Zaria and Logos 1970, 1973 0/12
Tbadan 1970-1971  23/4%
Maidwuri 1970 0/10
31/213

'

Ibadan, Dassa (Jos), Kware 1969=73 0/a2

, Nupek 1970-71 07154
}:ﬁlﬁ e 1969 0/4 ¥

Ibadan, Shondanm 1970, 1973 0/10

1967-60 0/12
1969 0/20
e 1971 6/24
o o #
HﬂBﬂha 1971 1/6
1970 0/5
E:;gzg 1971 0/3
1969 0/ 66
}3:35n 1969-T1 0/8
: 1971 0/15
Thadan 1971 0/5
Ibadan 1971 0/2
Al shactnie Ibhadan 1971 0/3
CrT Ibadan 1971 0/5
i3 gonesalsnsis Tbadan GTETE
46/ 106
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simifican M(bdﬂ.iﬁﬂ than tho rate of 17.3 in
9 yonar group. In the 20-39 yoar group, 26.% had N
.!.‘ '%Umgu virus, whilc 36,86 of tho above A0=yoar age

group woro positive for B antibodics to Orungo virua.

':"."':_ﬁ-ﬁ:l:! 9.8t of the 486 n.nlnnJa nora testoed were positive

for Nl antibodics to Oruwngo virua (Table 25). Of the 213 doncstic

-

animal sora tosted, 14 from 99 cows and 23 fron 14 shoep worv
- positive., 411 othor sora from goats, horses, and cancla wore
‘nemative. hilc only sheep from Tbadan arca were sampled, 11 of 37,

I s, | LN S
" ‘_OI 11, end 2 of 20 cow scra collucted in Tbadan, Kano and Maiduguril

xuspootively were positive for antibodics to the virum, None of

mh 0loven cow pern fron Jos was ponitive, Nino, {.c. 266 of 38

" monkoy sora from Mupeko tosted for Orungo virus N antibody wero

‘PoNitive. 411 othor wild aninal and bird sora Woxe RCEALLVG.

iu
411 g1 ' {nfootion

:ﬁrﬂﬂ'*fwﬁ-ﬂ runso virus infCoEICT

o gtrain of Orungo virug have beun isolntcd in

- To date, ninc
#iorln. Ono of thono was fron a pool of mosquitoon lcdos dentatus

B as A isclates., -Although mast.of the Oxung®

: {eolaton wore of hunsn origin,

Avad) ‘th olinical symptons of orungo viruo infection.

,.11 Aho human {solatcs WOIo obtainced [ron

% tm-. ¢ho Out Pationt Clinics Whore little or
: ! 4 'h:' aynptons of fobrilc fllnoee af short

) ﬂ' " AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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ied, Invariably, most of the paticnta nover
BEt back, as thoy rocover from guch illnces in spito of

WOT than as a rosult of the trontment thoy ruooived, Most
thaee 11lnoes aro diagnoscd as nnlaria or at bost pyrexin of

i'.""-L‘-f“' m ordgin, The gonerally doseribed eymptonms in association

i

‘With the cagos yiclding Orungo virus isolatcs wore fover (34%-
'@P%) of 3"7 days duration and gunceraliscd body pains. Howover,
Iiﬁ&ﬁt.:mdﬂ got ndmitted bocausc of othcer complications, Ono of
1 -’.'*?.:j!.l'ﬂ’-'lnﬂ reportad by Familusi ot al (op. oit.). & 2-yoar old
nﬂaﬂ-ﬂﬂ girl presentod with porsistent fover and diarrhon of one
" month's duration, dospite troatmont with antimalariale and anti-
}luthu. On adniselon, tompoeratura woas -‘H}HL‘-. with scakncss of tho
Jowor uxtrenitios. The diarrhon subsided with treatnont, but the
tm poereisted for five dayo. Orungo virus was isolated from tho

------

6d sanplc colloctod on aduission, Tho woaknoso of tho lomer

. W’ti@ﬂ improved on rucovery. However tho pationt wna
‘Aigcharced bufore a convalosoent sorus gsaple could bho takon,

i%iﬂ,ﬂc (op. cit.) also dogeribed throo outbreaks of an
: ‘epid Platoau State of Nigoria in 1972.
e

i
\Jr

M. Lo nfh:mn illnces in Jos,
s 11inces wns oharactoriscd by nausca, myalgin, hoadno
of 3~7 days duration. Although no virus was isolated fron
ﬂnhd. during tho outbreak, over 60% reacted with vory
ady titros (1332-1:128) to Orungo virua only. Two
{ in Mvilunlt with the dosoribod syoptona

he and
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8 #imo of the epidemic. Tho rolationship of those doaths
ported outbreaks in unclear, Monath et al. (op. eoit.)
oported the isolation of strains of Orungo virus from the bhlood

Of patients collucted during anothor opidemic of hunan illness in

the Ananbra State of Nigeria. Tho eymptoma of tho reported

|
ﬂm wore fover, headache, and nmyeslgia. Soveral roports of

I ‘suspented outbronks of yellow fover infoction were Investigtod

'!!!1973 and 1974 at Mabudi in the Platcau State of Nigeria.
Resulta of tho investigation showed that Orungo virus was aloo
aotive at or about the same tinu no the yollow fover outbrank
’(‘hmrl ﬁgl_, op. cit.). Two clcarly dofinod clinicnl mymptons

~ Wore rocorded during thoso outbroak; classical yellow Covur

symptons-biphasic fobrile responso with jaundice, homatencoic
and molonajand the usual fever of short duration, myalgia and
l'llaﬂnol'n as roportod for the two provious outbroaks of Orungo viruo,

Pagbmal ot al. (op. cit.) imolated Orwnim virus from a 14=yuar old

‘ohild at Abookuta in Ogun State of Nigoria, during an outbruak of

a. gn'-m-uko {11ncss involving adults and children. Othor viruses

polated during tho outbreak wore chlkunguny? and denguo. Tho

..n-..__ -.. nr m. -ﬂth‘mﬂ mnlmd rﬂwrl Mﬂd—ﬂﬂhﬂ. MIIJ, jﬂtﬂ-t

ﬂih—ubim pain, anorexia, rash, 1yophadonopathy and
" unpublished data), a
' '“J-;}"F? w mi a mn illncas
i 4
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nd weaknesn in his 1imbs, Conjuctivitig was noticed two

prior to the onsot of fover. The pain in the linb subeided
ithin 24 hours but fover, hoadache end wonkncss in tho 1imbe
'H'm"d for seven dayas, Daily tomporaturcs woere botweon 39°C
| nlnndé“u Othcr significant sympton during the 1llness was ekin
| WDHWIII especinlly around the trunk. & fino papular rash
L' Wmd on tho facc, choot and abdomon on the third day of the
I 11Inces and this lasted for two to thrue days. There wns no pain
or swelling of tho joints nor was thore any abnormality found in
the chast, abdomen nnd norvous systum., Acuto and convaloseont
sorun pamplis collooted 4 days and 13 days respoctively fron
onsot of i11ncss werv checked for virus isolation and sorology.
¥o virus was isolatcd from the two samples, howcver noute sample

was positive for Orungo virus CF antibody to a titre of 1:8 and

oconvalosoont cample to a titre of 1: 956, Thoe sanples wore also

%osted by CF againat thirty other vixuscs and found nogativa,

in neutzalization togt against Orungo virus, the acute and

O aasit 108 noutmlizod 0.8 dox and 3.7 dex ruspoctively

These rosults would {ndioate that Orunso virus

most probably responsidlo for tha dcseribod illnoss.

I*I.'. m:l.d. uppau that fover, hoaodacho and ayalgia or guncralized

A Oy the cormon mtul of Orun

o virus. In two casom,
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om8 wore recordod, woakness of the 1isbe was
ﬂn both occasion tho weakncas of the cxtrenitice

proved on rocovery. Conjuctivitis was rocorded only on one
ocension. Orungo virus oan thorofore bo Adeseribed as a fobrile
dlsoase of short duration, charnctoriscd by hondasho, myalmn
..m-?wiﬂm”ﬂﬂaHunu of the limbs. In this rospect it rvscnblos
"ﬂh!’ . wirel discasce in Niperia and a propor recording of the most
detail olinieal symptoms couplad with virus isolation and antibody

‘studics are nocded to difforcntinto {t fron theso othor virus

d!.llumn., as well as the ubiquitous malaria.

4 12 Identification of virus strain H 60974 ao Tataguine virua
athor

Following the differontiation of etrain H 60974 fron the

Orungo virus strains, and tho positive CF ruaction with Tataguino
it was rcactod inavas CP tests with

£ two known Tataguind viruo

MAF {n tho ecrecnings tests,
~ mucrose ncotono antigon and MAFS o
IR , H9963 and f#39482, Crooe noutralisntion tosts with

hﬁlﬂﬂm and Opungo MAPS woru aleo parried o
Wuw controle woxre {ncludod in the teots.

ut, Positive and

The rosulta of tho orose—CF and oross-() tosts are prosentad
tlh‘% Tablos 26 nand 27. Strain H 60974 slwowed complote antigenio
'.:".T.lgr'f ,‘ 1 hth tm m Wﬁ Vm_’ .m’-n-

¥
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TABLE 26

RESULTS OF CROSS CO'PLEMENT FIXATION TFSTS BETVEEN VIRUS
'BE0974 AND 2 STRAINS OF TATAGUINE AMD ORUNGO VIM'SES.

MAFS
tgf-nium) (mﬂmizmma) i ﬂﬁu} ‘E%’Eéﬁ?
y g{_i_s. 64/16 64/6 0 0
32/8 64/32  32/16 0 0
32/32 64/16  64/64 0 ¥
0 0 0 128/64 32/8
0 0 0 128/16 32/32
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 RESULTS OF CROSS-NEUTRALISATION TESTS RETVERN
W#., TATAGUINE AND ORUNGO VIRUSES.

ASCITIC FLUID LI

: T G963 H13019
- ?3733 HGOTT4 (Tataguine) (orungo)
6.0 4,0 3,2 0
5.6 2.5 2.8 0

5.5

-

Rl & =% . a .
L - - -
_— - -
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CHAPTER 5

DISCUSSION
L+

.‘bﬁﬂnlh‘nmtaﬂutinn of Orungo virue wers investigatod

by bloghomical and biﬂ;@i@l soro-immunologic tochniquos.,

"B! cleoctron minmnuﬂhy.. Orungo virus was found to develop in

‘the ﬂ:rhphm of infooted ecolles as an unonveloped particle with an
olootron-donse coxrc. In associntion with its dovelopment and
maturation, thore wore specific viral granular matricces and
filamonts, This particular typo of norphology and morphogencsias,
‘has only boen described for the orbivirus taxononlo group, Murphy
ot a1, (op. oit.); into which Dorden ot al. (op. eit.) have placcd

Onungo virus. Thoso filaments may roprogont viral subunits

arranged in anomalous mAanner. Tho virus particle diamotor of

63 ma im within the 62 — 80 nm rango roported for othor orbivirusos,

Murphy of a). (op. eit.). Although none of tho mothods rosultod

in optinal rosolution of particle capsid structurc, the prosonce

~ofa :hﬂﬂuﬂmi olecotion transparont zond basal
a1 icosahodral conatruction (T = 3) of

{rus is oxccptional amongot. tho other
T7ith othor

to tho capsocorod
: - the majox
‘Sugronta tho typic
petd layor. Orungo v
orbiviruses in the rosistance of {ts outer coat layor.
e it
-.. thero is ueually difficulty in maintaining tha. intogz2iy
sourcs the aajor enpsid loyor.

£ the hﬂ-ﬁmt outer coat which ob
the outer coot 1o lost ao virus

'- with bluo tonguo v:l.ﬂl-

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



o - 193 -

Ahroug kn, 'nquﬂihmim contrifusation gradicnt, so that

1
led v w"ilu tho precine T = 3 capsid conatruction, Orungo

-, L

| irticlas nover were found in n state where their odler coat

. L._ | = i-T_; -5 “-ﬁ nnd ﬂﬂpgdlmr mmt. Tml‘{n tmnh{:ﬂt, Iﬁr

s

‘.{~'~"-‘-'-~ reducod particles to their innor layors (coro particles).

;.n'i_51Mﬂmm the atability of Orungo virus relative to othor

g
}hﬁ

368 and how stability may bo related to the naturc of the

I
I.fﬂ o = T

OMLCE cont layer of tho virus particles, rumain to bo angwored.

The exceptional localization of Orungo virus particlos around intact

nitochomidria mist refloct differonces in tho eytoplasaic environ-

#rw

ﬁﬁt in Aifforont parts of the infaoted coll. Ho explanation is
6, but further study of thia phummnan 4a warrantod.
Thﬂmnl innativation of Oxungo s at 56 ¢, 37°C and rooo
- *dpurature ﬁ-2.‘é..‘nﬂ & EDG) was of the two compontnt curve, cach
-' 8 followinz a first order kinotics. This phenomonon nppoars
loamo (1953).

bﬁﬁk‘ & general characteristica of mninal virusce

At tion
S T throo 1owols of inantivation, thure Lo a ropid donaturatlion,

w “'i?-in. morc than 50+ of virus {nfootivity being lost within

\ 10 nimmtoe at 56°C and within tho first 24 houra at 37 ofaReie
s on whol Ao wa suspendod in nediun contalntng T
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X onsiderablo length of timo, Thus kocping samploe just at
-HMti'ﬂ a highor numbor of Orungo virua imolates from

£1014 samples,
! Ry o

The OF antigon of Orunmo virus is labile at 56°C, but stable

I';i.-' er!npumﬂ room tomperature. Infoctivity of Orungo virus is not
| ﬂ-ﬁﬁ? nffoctcd by lyophilization and subsequont storage
" 44 4% fox 10 montha.

Th“ inactivation of Orungo virus by UV irradintion affects the
| ‘i‘ﬁt"ﬁtiviﬁ but not tho CF antigen. Orungo virus is only slightly
‘sonsitive to sodium desoxycholate, cthor and chlorofoxw, and tas
fa !

_-;m resistant to thoso reagente than yollow fover virus (

")- Rosigtance to sodiun dopoxycholatc, ethor and

chlorofom has ofton boon correlnted with an unonveloped virus

‘particle., Eloetron nicroscopic ntudics af

tho nakud virion nature, ond aboonce of o nembranc in
- supostod that tho

Orungo virus confimg

this virus.

' »‘m@“ studice, Dorden ot. al. (op. cit.)
t gonsitivity of the orbiviruscs ooy

>, ight but reproducible solven
: iresent o fundamontal virion prope

N alnes O.BlAcE. ~ 1.0 dox; with inoreasing
. Si{nilay rooults worv

D.l-t-j

rty or 1nhoratory artofnot.
poneitivity to the lipid
passagen, Orungo

booams boro senaitive to these agonte.
for Colorado tick fovor virus by gordon ot._al. (op.
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g o
1 W

| :
S8 Bolvent sonsitivity may be rolated to host 6oll contaminamt
;.-"."‘.cguii' 14pid in the virus iteolf. Vorwoeq,

(1969) roported that
;ﬁ blue tongue virus, an urbivimn; containcd 2% lipid.
rthor invostigation is necessary to dotormine tho source of and
10 quantity of lipids in Orungo virus,
Orunge virus is scneitivo to troatmont with ochomieal roagonts
. Buch as WPL and formalin, Undor the samc oxporinontal conditions
:il..lmr concaontration of fomalin inactivatod Orungo virua than
WAS roquircd by BPL.. [However, using formalin and BPL at 37°C,
LoGrippo ot. al. (1954) reported that TPL inactivated rabica,
oastom equino, and M=l strain of murine cncophalomyolitie viruses
more readily and at lowor concontration than aro roguired by
formalin., Thothor Orungo virus being an orbivirus, differs from
thome othor viruscs or tho tempurnturu of inactivation affects tho
property of the roagents renndne to boe detemincd.

Orungo virus is labilc at pil 3.0, but stable betwoen pH 5.0

and 7.0. Acid 1ability has bocn uoed na an ald in virus classifi-

cation (Hemparion ot. al. 1963). This is not a major taxonomic
Mhr, but it has boen upcful in separating human rhinovirus
] 'mtﬂnviruni" a suparation subssquently confimod by nore
wical aifforcncos (Tyrell, 1960). Orungo virus ia
&) -l '.-;;.;' . at pli 3.0, no infootivity was found in undiluted
.,r -‘ ﬂ, ant.. B,uﬂu- rooults womo reportod by

AF Rﬁ EGITAL HEALTH REPOSITORY PROJECT i



___:__t olt.) for tho orbiviruscs such as Colorado
1 ﬁﬂh blustoniuc, Tribac, Tad Modand and Lobombo,

mnﬂmmu are stablo over a wide rango of pll valuos
1961)

'I!'hn itahnlty of Orungo virus to 5-iododcoxyaridine sugrosts
that it may bo an ML virus., Similarly nnny of othor viruscs
“(blue tongue, Colorads tick fevor and Alrican borse sickncss), of
’ﬁﬁ ;p:i:b_i;ﬂ'im taxon posscas o double-strandced MNL gononme (Verwoored
ot al. 1969; Greon, 1970; and Oclloman ot. al., 1970). Further
DBlochenical testa to dotormine the nature of Orungo virus ponome
e warrantod.

| Following succonnive intracerobral passages in micu, Orungo
virus hecanc n..da.ptud and stabilizod for the hoat from tho aixth
passago. The doorcase in Orungo virue infoctivity with inorvasing
lﬂﬂ “, inoculation timo of mice 18 a gonural obsorvwation with
animal virdses, (Puxzhoxr, 1971; and Saikku and Druwmoer-Korvenkontio,
I1,$-T3) Tho reason for the differoncos in age susceptibility of
ﬂﬁmntu:r aninals to virus infection is not dofinitely known,

wt ‘that certain roceptors required for virus attachoent

3 "'IPI..‘M"" to a higher lovsl in the tamgpet ongane of the young
2 8

thula of the sdult. Tho poor growth in 10-day old aninnls

B lr.'ilr: but recovervd from an infootion with Omngo virus
| i
r‘l-.

1 -_ “ﬁ!; "m attributod to poor feeding os aninale continued to
Pt Do Bololy =E .,.. h . X s %
5! wiw .
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ol of iilnnll. Grosoly, organs of recoversd
m‘mnt than thomso of the control uninfeotod. This
"‘;;__‘;"'-"i"" virus infection in micou noceds further investi-
:?" on with particular refercnce to tho offcet of infeetion in
gnancy. It will thon be possible to dotormine if thore is
tal tranafor of the virus to tho fetus and the offoot of
'll-'lnh on the devoloping fotus,
The organ distribution of Orungo virus in Sviss albino mice
ahowa that tho brain fs the target organ. .dthough virenia and
v a srore domonstrated, the lowvel of virus in the body flulds
a8 Well as organe such as tha heart, lung, liver, kidnoy and
._f‘”gmh'ﬁgﬁ in gonoral eignificantly lower than in the brain.

This ia more cloarly hrought out in infected 10-day old mouse,
ik

I wer infooting dose, highor viroala and viruria lovel woro

 obtainsd, posaibly an a ropult of the incrdnsod AST
The spread of Orungo virus to tho different scotlions of tho
LW'I&W {nooulation ints the left corcbral half is

\ tho virus doso.

ane '*",g,‘\.ﬁmu: {nfootion is restricted to tho corobral halves, with
T'T = ,mbnﬂw phowing low virus {nfootivity at tho tominal stages.
I.“ SR ot virus as Infuu‘hi.n.rr done, virus was deteoted in

Uainz 10 Ln50' virus pultiplioation

1 S | Hml Tho ﬂltﬂﬂtiﬂn of pnthology in Infooted mice
T :tml Orungo virus spocific
he b "’*ﬂﬂn sboence of ©

e _I-_
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Tuoresesnce further confims the nourstropic nature of
L
mune "‘; rus infection in micc. Purther evidonce for the

L

neurotropic nature of Orungo virue infoction Lo shown by the

In

L—t-,}

4 ,'r bility to infect mice by the SC and ID routes, In addition,
; ninu infeoctod by the IC route dewoloped neutralizing antibodics

%o Orungo virus,
i~ _
| lamstors arc susceptible to Orunim virus infcotion by thoe IC,
| HU and IP routes, MHNowever, viromia was doponstrated only by tho

i Ih and IT routcs following infection of 2-day old hansters.
i

|
|| and §C routos was tho dovolopment of specific Orungo virus N

l‘i’idﬂnnu of infootion in 3-wcok old hanstere inoculated by the IP

Rabbits and lanbs, do not circulato Oxrunpo virus following

' Mlﬂ‘h‘lﬁn with the virus by the IV, SC, IP or conjuctuvnl routo of

Thoy however dovelop specifio Orungo virus N antibody:

inoculation.
4ho rabbitas following
Iﬂlnﬂina IV proute of infection.

wo of the avian specles, o9

IV, I and conjuotival routes, and tho lanbs

arrows and baby chicks nocither

dico to the virue following

ﬁm by tho IV, §C or u:—al routes.

ingz to tho Jorld Health Organisation (1967) arbovirus

m-h throush biologioal transsission betwoon migceptible
mﬁ by bosatophagous asthropods. They multiply and

5 AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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irenin in the vertebrates, multiply in the tlesuo of
Arthropods and are pnaseod on to now vortobrates by the bitce of
A xthropods after s poriod of extrinsioc incubation. Orunm virus
“has boan isolatcd on throo ocoasions from arthropods, and from tho
bload of vertebratus during o fobrile dnfeotion. Low livel

1
| w:l waa domonetrated in laboratory mice and hamsters. Howmevor

it was not knovm if arthropods ncted as mechanical or biological
tranmitting agonts. Tho domonstration of a possible tranenission
?'e": ﬂn virus was hamporod by the absonce of a suitable hoot; mico
arc not infootod by a SC inosulation of Orungo vime, and hawsstors
only develop antibodios following inoculation by thoe pame routo,
Orungo virus was inooculated parentorally into mosquitocs, and
anina an cxtrinoic {ncubation period of 6-1) daya, trinsaie-

B i6d wns!nohieved by allowing thuse mosquitoos to Mhite™ on
I ~achic

‘hlﬂﬂﬂ droplets. Morvovor, virus titros in thoae mosquitoon rangod

from 2.3 dox to 3.0 dox.
1 route on A virus-blosrd mixture transmitted t

%W:‘i@t have boen rosponaible for this nemtive remult,
,.#.'%m (about 4.0 dox) of Orunge virus in the blood poal
) Bon : t- for failuxe of virus to 9stahlish dn &he mosguita,
- - : ¥ wﬂ'_“gﬂj sugrooted o virenia levil of 4.5 dex
i mﬂ.@;ﬂn infootin; potentinl. Bvon When tho
j:hi M-m virus must survivo anstonio,
al w'rl 4{n soversl organs of tho

-1."'"-". | - . Led2 s - L
Coriieg J A ﬂ DIGITAL HEALTH REPOSITORY PROJECT

None of thu mosquitocs fed by tho oral
ho virus, Certain
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v '.;'u} Qg t before progeny virus is dolivered to the salivary

wtions for possible tranmisaion (Murphy, 1975). Thoss
ﬁfﬁ“ﬂ' to as "gut barrior" or "threshold" must o
] > before virus replication takea place in tho mosquito.
\hethor virus is notively destroyed by meann unknown or dio off
W in tho ahbscnce of favourable condition ino not known,
(Ohamberlain ond Sudis, 1961).

The length of incubation requircd to attain naximal transmit-
" ting officicncy is also important. The 11 days extrinsfo incuba-
I £ion poriod was probably not long cnough to attain enough virus
t:rz tranenission by mosguitocs fod orally, as comparcd to
mosquitoes inoculnted intrathoracically in the vieinity of the
palivary gland and which would therofore roquire a shorter incuba-
| fho faflure of mosquitoes {nfeotud either by thorasie inoou-
I gﬁg@ or oral fooding to tranonit Orungo virus to baby alce
r londs support to provious obporvation that mice do not

: omo infectod hy tho SC routs.
N

ih the transilsaion of Orungo virus by scdea epp.
8 wirus haa satiofiocd the major oritéria for
by e . llowover, n sultable aninal hoat

- el P i
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‘wvero cells for three straine of influenza and threc of paramyxo-
eﬂ.‘:l.-m.nl:ll follooing treatmont of the Voro cells with trypein, Tho
) :gn‘._ltu:ﬁ- vore maintained with a medium modificd by the addition of
trypoin. Infoctivity titres of the influcnsa and paramyxoviruscs

wore highor in cultures with added trypsin.than in nomal Yero

oulturgs. Although Itoh et. al. (op. eit,) reported no simmifi-

oant difforonces in tho sonsitivity of Vero colls to many othor

virusos, after trypsin troatment, it appears that the modificntion

usea inorcascd the sonsivitity of VYoro colls to infection by

Orungo virus. Since the biologioal property of Orungo virus

pasonged in trypein tronted oulture was not differont from mouse
‘brain passaged vime, it 1
‘not induce tho emorgence of now VAL

g salc to suggust that the trypsin did
{ants, but rathor acted to
{ncreanc the sonpitivity of tho coll oulture to Orungo virus.
| 'I"Iﬂ ﬂhm of Orungo virus fron the monolaysre culture ints
_ﬂw fluid medium does not ocour until eomplote CFE is achiowed,
5{:i1ar obscrvations WOIo

¥ ot: 81., 1971

mﬂrﬂﬂ for thoe othor orbivirusca
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- oell culturcs, By inmunoflourcsacnt studica vizus -

—— =

‘particles werv found lognted in she oytaplasm in focal massue

initially and large punotuato massos at the lato stage of infegtion.
The failure of Orungo virus to rplicabte in Jedos albopiotus
gell line could be duc to non—adaptability of the virus to this
particular coll line. Libikova and Buckloy (1971), reported
‘that n porsistont infection in .. nlbopictus cclls by Konmerovo
virun was achicved over somo 50 transfors of the oarrior oulturo
| with only about 1i- of cclls being infcoted. Komorovo virus in a

tiok-home virus bolonging to tho orbivirug taxon (Dorden ct. al.
ops oit,). Purthor transfcrs of Orungo virus {nfoctod A.

albopictus colls may aleo

roveal persiotunt infeotlion of the ecoll

14ty of tho virus to this partioular

661l 1ino.
Sucrose acotono mntigens propared from 0
| fallod to ngplutinato goose, ghoop, goat, day

rungo virme=infeoted

mouse brain tissuceo

""" 14 ahtck, monkoy and unan O orythrooytom.
rythrooytca with athor orbivirusca have becn

Similar rosults

um‘m y @Eoose ©

_reported by Dordon gt. al.
. #wﬁ ponagZlutinating activity in Kemorovo virus antigon

(op. oit.), Ilowever, Samanova ot. al.
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ek enbryo and swine kidnoy cultures, Orungo virus
0011 culture antipen may well yiold hemagplutinating nctivity;
this neods further invostimtions.
~ One of the 10 atrains of virusce isolatod in Wigvria proviously
roported as Orunmo virus by Monath ot. al. (op. cit.), was found
IW"ﬂlhlt to b a strain of Tataguino virus, The othor nidnc

{na did not cross-ruact with ovur 150 diffcrcnt viruscs
‘belonging to the major arbovirue groups. In cross-CP tests,
betwoon sevon Nigerian strains and the prototype Uganda straln,
no significant differvnccs wore found in the renctions of the
‘Aifforont strain., Howover it is of noto that the Uganda strain

antigen aid not react with the speeiric (1 shot) HAPo proparcd

agninst the Nigorion strains. In addition, cross-reaction was

doponstratod betweon the Uganda otrain antimen and strain
];hmgmz MAF only with the hyperimsunc (4 ahot) MiAP of Ib
AR52302 strain. Other striing eroos
m thae 2-shot MAF stage onwards.

stroin Ib AR52302 is slightly difforent {ron tht other straine.

B.r agar-gel diffusion tost,
y strited Hotween nll ‘the strains of Orungo virue, ucing crudo

4 M.Fs. Howovor, with sucrose acotone
’;an& w:#mﬂﬂ

“'* n -;:_,.m prdu:l.pl.tln 1incs doveloped.
B s {th tho mory mﬂﬂw modification of Auomhoinor and
w8 FLaRs '.' ookt __|ll -

yonotod with the prototype

It would thoreforo appear that

a single line of idontity was

Sinilar rogults woro

gl
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i
ahloy (op. oit.). This would tend to suspet complote identity

fﬁm virua ptrains, or the pruscnoe of a cormon
d,g. 7 ne 'ﬂmr--t'hu 'ﬂh toat is knowmn to be much losa sensitive
-h- ’ciﬂ 'CP or noutralization tost. Thoreforv, ninute differcnces
".".'-_:'--' eon otraine will not bo detocted by the loss sonsitive test,
i‘lf apponrs that sucroso-nootone oxtraction of Orunpo virus entifons
rendors thon unsuitablc £or prooipitin tosts. This i unusunl, as
:l . with Dwanba-Tongola virus group (Tonord and Pabiyi, 1976) hoth

' 4o and sucrose acctone antigen gave precipitin lincs.

In neutralization tosts greatexr diffoxoncos worv deponstrated

:ihm.' pmlnuﬂly noticad in the CF tosta, Dy the conatant sonun,
.= {rus noutralisation tochnique, Orungo virus strain
to the prototype

113019 was found to be pore closoly rolated

strain than any of thoe other strains., Two otrains, Ar 52302 and

H 60704 appcear to be {ndistinguishablo from anch other. Sinilarly,
‘stradings I} 60784 and H 60810 arv closcly rwlated,
"'hf mnm virug etrains can be elansed into thruo sub—-groups
@1). the Upanda prototype ond Nigerisn strain A

ssfaﬁa & 60704 ~nd 1 60018 and (3) strals H 11306,

lk botwoen the difforont atraino

stdvit mm eloser pimilarity
e varying porun technique,

¥rom the abova,

13019; (2) strains
4 bropdor

ﬁ the oconstant-virus,
tion of plagquos of sane sizo in Voro colla by
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daritics botwoen the different straine, lovever n plague
dzation test might be the answor to a definitive
rentiation of the Orungo virue strains,

In tho survey for N antibodies to Orunso virus in Nimeris,
'“L_ 'tﬂ,ml‘l: prevalence rate was found in tho.northom muinea

ah gone, whilu the lowest Tate was found in tho rain forcat.
H‘a Mntnh.lt, most of Orunmo virus isolations in Nigoris woere from
the rain forest zono which yielded 7 of the nino Orungo virus
lﬂﬂlﬂiﬂl. This inverse proportion botweon virus isolationo and
antibody provalence ratcs in tho Aifforent geographical zonc of
lli.uum has boen obmorved in provious surveys for Tatagulnt and
Duntba virusos by Pagbani ot. al, (1972), ana Tomord ot.al. (1974).
Onn -d;w]mtiﬁn {a the concentration of virus isolation notivitics
fn and arcund Ibadan and environs in the rainforvst sonc, whore
the laboeratory is loonted.
Owver 50% of shecep, with about 24 of monkoyas and 18 of cown

samm104 woro positivo for H antibodide to Orungo virus. Although

‘ahtep and nonkeys from
hf':i antibodics in cow sera
' 1 would sugmet A widospread

Iy r "ﬂl !W‘ w ow '!r].:ﬂﬂ-
ut wild snd demostio animnla

noodod to clucidate the cvpizoo-
an gtudics are

aingle locations wore studied, the presence
eollootod, at Moiduguri, Kano and
infection of the animal popula-
Howover, both furthor ficld

in ondomic aroasn and

ngo virus in Riguris.

et S
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atdon of Orungo virus f2on 4odos epp. and Anopholes
in Nigeria and Uganda respoctivoly (Tomord and Pabiyi, op. cit.),
i Culox spp. in the Central African Mopublic (Mobin and Sureau

. tranmminsion cycle of Orunys virus, Many specics of mosquitoen
4inoluding Acdes, Culex, Anophclos nnd Mansonia are inwvolvid in
: ths transnission of viral discasca boetweon man and animale; for

example, Jesselsbron virus (Hoymann ct. al., 1953), Rift valloy

virus (Gear ct, al., 1955) and Japancao 1 cncophalitis, Sehorer

ot. al, (1999 a, b).
In Wigorin, Acdog epp. may well ba active in the natural
. transnission of Orungo virus betweon man and aninals. In Ugnnda,
only onc strain (tho prototyps) of Orungo virus has yot boen
Ymolated., Moxcover, sorological surveye osrricd out in Uganda

havo rovealed noither clinical nor gubolinieal infuctions In man.

It 48 difficult to explain this striking difforence in the oplde-

‘miologlonl characteristics of virue strains that arc not sigiri-

oantly difforont from ench other. However, a moro detailed

y in Uganda will probably roveal a truar nicturo

L surve

. of Ommngo virus infoct
‘ clonr out clinical sigms associated

At prosent, thoro arv na
N, po differontintod fron other mild

b ""'#ﬁmi-r-':t-“ two Wall documented casce of Orungo
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virue infcetion (Pax lusi ot al. op. oit. , Opunlost, op. oit.),
[ 1_ =%!£*’ﬂw-1m:: oxtromitics which Luproved with recovery

oy L= —

Was roportad, It may bo that Orungo virue infection is associated
With the contral norvous system involwonant., Purther ficld survoy
with dotailod documontation of clinical sims arc necdad to claarly

N T

aefine .ﬁmm virua infoetion.

In a scrolomieal survey for CF antlibodica to arbovirusos in
Jom, Nigorin, Lawoyin (1974) found 235 of subjects wore positive
'fﬁr Omngo virus COF antibodios, Butonko ct, al, (1974), in a

s y onrricd out in tho Kainji Lake area of Nigerin

reported ovor 504 of OF positivas for Oxungn virus. Thin high

mmc of OF antibodica could rusult from rocont infcotiocun

by Orungo virus, or porgsiatent infeotion with subsoquoent doetection

of CF antibodics.
:llﬂnmnlmﬁ domestic animnls

ﬁﬁm of CP antibodics ohow
infoction in Nigeria, TPorsistont {nfootion could roault from

wﬂvimin
5; ﬁmnxﬁiﬂmﬂ} in man,

[---' orimentally infeoted

aﬁss. 1960; Burgdofer and Exlund, 1959).
1966, showed that Colorado

Tho high incidenee of noutrnlizing antibodics
{n Nireris in addition to the hish

tho ondenicity of Orungn virun

at wan .ﬂnmmutrat.ﬁd with Cslorado tick fover
| (Bxilund ot. al., 1961) and in naturally
animals (Gexlsff snd Larson, 155%; Du
Emons,

qpﬁ:{; ‘Bepons mnd Lonnetto,
~gpociatod larguly vith the erythrocyto

MKF "AN DIGITAL HEALTH REPOSITORY PROJECT



antibody staining to Wntify virus antigine in blood cells,
T "‘&h jm’:ﬁlnon of Orungo virus CP antibody is duc to porsistent
gﬁf{ﬁﬁmnﬂn orythrocyto fraction of the blood, thon the
‘prosence of virus and virus antigon in orythrocytes for prolonged
poriods aftor onset of disonse should faoilitate the diagnosis
by virus ieolation or fluorvscent antibedy staining nt any stage
of dlecnso., It is sipgnificant thnt during ficld outbroaka of
wmdﬁuman virus infections sorum samples rathor than
orythrooytds are omploycd for virus isolation. This may in part
mmtm: tho isolation of all human strains of Orungo virus
fron mlo-mtnining erythrocytes, and none from sorus pamples,

1 .
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\ND CONCLUSTON

‘Orungo virus, a hithorto undesoribod virus, originally

Jl

- dosignated as Ugt 359 virus, was firat fsolated from a pool of
olon mosquitous caught off hunan bait in Orungo, Tepo

1t was studicd by biochenical, biophysical and sero-
{mmunolordic mothoda to detemine its relationship to othor viruscs
and antironic difforenece botueon the difforent strains of the
vimis; to delinit the extent of infootion with Orungo virus in

Misoria and the host ranio of tho virug,

Orungo virus has o particle size of 63 nn with a corxe

Adoncter of 3 na. It has a typlenl icosahedral construction of

the najor ﬁmnid 1nyex.
oell lysin.

Virus roloaso froo infectud oell im by

virus is 1abile at '56 C but relatively stable at 31 c

Orunso
IIIII m ftomparature and alpo atnblo to lyophilization. The virus

!.g' :ﬂlﬂﬂ.a' innctivated

ke

'#l un‘h' ﬂightl;r scnnitive to 1ip
b:r ‘butq;rmpinmtnnu and fomalin.

1.;“. but ﬂﬂlﬂ-ﬂ'm 1abile at pi 3.0,
. t Iffﬁﬂ-‘t on tho nult-lplinutim of Orunso virus thus

by ultraviolot {rradintion. Orumgo virus
{4 salvents, but rendily innoti-
It ie otablo at pH rane
5-iododcoxyuridine has

Bdioating that 46 ey bavs oo Tk cox- |
i 1 L
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SIungd virus was found in nll detafls of norpholosy and

'!-;‘-;;ﬂ_'i'f"-‘ bo similar to other orbiviruses - a sroup of

- of mhtiw otability to lipid solvents and sodius
u‘nwﬂmhm. 1ibi1ity at pH 3.0 and the lack of antigonic
xelntionship to any of the major serologie group A4, D and
Buanyamera,

Laboratory mico, hanstors, rabbite, loabs are susceptible
i to expoerimental infection by Orungo virus with rosultant viremia

oy antibody development. Sparrowe and day old chicks aro not

”| : 'munptiblu to exporimental infootion with Orungo virua,
‘ Artifioin)l tranemission of Orungo virus by Acdos alboplotus and
‘ ‘Aodo aogypti mosquitocs was denonstrated only on mosquitses

injocted with virus by the intrathornoic routo.

Orungn virus multiplics with rosultant cytopathic offect on
Vors colls and BHK-21 cell oulturda. Orunso virus aleo forma
ﬂm&u {n Vero but not HIK-21 ccll oultures. No pultiplication
e cas domsnateated aftor throo [nssaces dn dedos alboplotu

?'S.ﬂllltrnin H609T4 proviously roported ns Orunjo virus was
:Fﬁh ta Po Tatasuine yirus by CF, N and AGD tentns. Using thoso

nummmﬂ:lml TONLE,
m ﬂhtm of the I’.aﬁm ptrains ﬂr Orungo ‘Hﬂl to

strain feolated in Ugnnda, Dy CF stradn Ar52302 wns

slight difforcncon were dotocotod in

T |
gt S

f L el
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| 'ahip to the prototype, Althoush
: :I;.é'if - eould not be mntitmd‘hy 46D tost, whore all

¢
showed ;mtl_.t‘l‘ﬁy-. on the Other hand, by tho constant sorus

8 noutralization technique, it ywns possible

L '

e to difforcn-
0 O rungo
Orungo virus straing into sub—zrouper (1) H13019 and UAT 359

totype). (2) AR52302, H60784 and 1EOG1S ang (3) H11306, It ia
,* . yet eloar Af these are artifioial Aifferences croated by

,Jhi{_.’g,ﬁ:t in potinoy of individunl strain BucTO 82=A06 tone antigon

and MAFm. The Plaque reduction noutraliszation toots nny yot yield
& rore definite rusult. Orungy virus staing show ns henagzlutinating
sotivity.

4 236 provalence rato of Orungo virus noutralizin: antibody
Wan found dn huaan sora colleoted from difforcnt parte of Nizoria,
The hid}hﬂllt provalenca (34%) was found in tho northomn quinon
‘BAvannah zono. Tho provalonce in the othor zoncs were 308, 244,
ﬂﬂ'ﬁﬂ in the southorn puinca savannah, derived savannah and the
m Im:t zones rempectivoly. A high incidonco of N antibodias
9 Orunes virun was dotocted in sera of sheep, sonkoya and cows
wmwﬂ_ Following tho isolation of Orungo viris from dedog app.

h"ﬁl in Wizerin, and the deponatration of tranooiseion of the

\\,

~ A8 Blological vectors of Orungo virue between man and animal in Nigeris,

! des opp. mosquitocs, those mosquitocs nay woll be important

arly deseribed mynptons assooiated with Orungo virue
ahnﬂ Auration, hoadnoha, ryalgis and oocasional woak-
lowa i:hon&tﬁ.n ‘which Leprovo with rocovery.
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