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Abstract

Between Ju ly and September 3976, w idespread in t e r e s t  on an 

in te rn a tio n a l sca le  was d ir e c te d  towards outbreaks o f  v i r a l  

haemorrhagic fe v e r  which occurred  in  the southern Sudan and northern 

Z a ire . This th es is  is  an account o f  the work ca rr ied  o u t by the 

author w ith  the ass is tance o f  th ree members o f  the s t a f f  o f  the 

S p ec ia l Pathogens Unit a t th e  M ic ro b io lo g ic a l Research Estab lishm ent, 

Porton Down, Salisbxiry. I t  describes the successfu l is o la t io n  and 

id e n t i f ic a t io n  o f  the a e t io lo g ic  agen t, and a lso  d escr ib es  the 

success fu l transm ission o f  the d isease to  guinea p igs  and monkeys. 

C h a ra c te r is tic  p a th o lo g ic a l le s ion s  were found in  a l l  th e  exp er i­

mental animals. The agent produced c h a ra c te r is t ic  in tra cy top la sm ic  

in c lu s ion  bod ies in  t is s u e  cu ltu re  which could be d e te c ted  by both 

conventional s ta in in g  and by immunofluorescent techn iqu es. Studies 

have shown th a t the agent although m orpholog ica lly  id e n t ic a l  to  

Marburg v iru s , was a n t ig e n ic a lly  d is t in c t .  In  concurrence w ith o ther 

p r in c ip le  in v e s t ig a to r s ,  th e  name Ebola v iru s  was proposed.

The d isease induced in  monkeys by in fe c t io n  w ith  E bola  v iru s  was 

very s im ila r  t o  th a t which occurs in  man. Rhesus and V e rve t monkeys 

th e re fo re  seem to  be s u ita b le  experim ental animals in  which to  study 

the pathogenesis o f  the d isease  and a lso  to  eva luate th e  various 

aspects o f  therapy.

In fe c t io n  w ith  th e  Sudanese s tra in  o f  the v iru s appeared to  be 

le s s  v iru le n t  in  both gu inea  p igs and monkeys compared w ith  th a t o f  

the Z a ire  s tra in .

Rneous monkeys were tre a ted  w ith  human leu cocyte  in te r fe ro n  

p ro p h y la c t ic s !ly  and a f t e r  experim ental in fe c t io n  w ith  the Za ire
•

s tra in  o f  Ebola v iru s . V iraem ia was delayed and c l in i c a l l y  su rv iv a l 

appeared t o  be enhanced. There was no consisten t d if fe r e n c e  in  the 

p a th o lo g ica l changes o r  th e  outcome o l the in fe c t io n  between the

I I
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treu ted  and the untreated  animals.

E p idem io log ica l stud ies ca rr ied  out on m ateria l from the Sudan, 

showed an tibod ies t o  Ebola v iru s  which were detected  by immuno­

fluorescence in  1*2 o f  U8 p a tien ts  in  M arid i who had been diagnosed 

c l in i c a l l y ,  but on ly in  6 o f  31 p a tien ts  in  Nzara. The p o s s ib i l i t y  

o f  the in d ir e c t  irnmunofluorescent t e s t  not being s u f f ic ie n t ly  

s e n s it iv e  is  d iscussed. Of M aridi case contacts in  h osp ita l and in  

the lo c a l community on ly  19^ had an tib od ies . Very few o f  them gave 

any h is to ry  o f  i l ln e s s  in d ica tin g  th a t Ebola v iru s can cause a m ild  

d isease or even s u b -c l in ic a l in fe c t io n .

D e ta iled  v i r o lo g ic a l  in ves t ig a t io n s  were c a rr ied  out on a 

p a tien t in fe c te d  w ith  Ebola v iru s .



INTRODUCTION



In tro  ducti on

Haemorrhagic fe vers  o f  v i r a l  o r ig in  have been recognised fo r  

cen tu ries w ith  Smallpox and Yellow  fe v e r  causing untold numbers o f  

eases and countless deaths. Many o f  the o th er v iru ses which produce 

haemorrhagic i l ln e s s e s  have only come to  l ig h t  in  the la s t  30 yearn. 

Although o ften  regarded as "new" v iru ses i t  is  much more probable 

that they have ex is ted  in  nature fo r  years as " s i le n t "  en zoo tic  fo c i .

The means by which a l l  these  v iru ses are transm itted  to  man va r ie s  

con s iderab ly ; sm allpox, fo r  example, i s  transm itted d ir e c t ly  from 

man to  man g en e ra lly  through a e roso ls , Y e llow  fe v e r  is  transm itted  

through the b i t e  o f  a m osquito, Kyasanur Forest d isease through t ic k -  

b i t e ,  w h ile  arenavirus in fe c t io n s  ate acqu ired through contact with 

rodents end th e ir  e xc re ta . Casals e t  a l . (1970) drew up a c la s s i f ic a ­

t io n  o f  the v iru ses  causing haemorrhagic fe vers  based on th e ir  route 

o f  transm ission . Since then other v iru ses  have been e ith e r  newly 

recogn ised  o r  shown to  cause b leed ing  com plications. A more up-to-date 

c la s s i f ic a t io n  o f  these v iru ses  is  shown in  Table 1. Although th is  

c la s s i f ic a t io n  takes in to  account the usual route o f  transm ission, some 

human in fe c t io n s  have occurred by other means such as contact w ith  s ick  

animals (e g . R i f t  V a lle y  Fever) or s ick  pa tien ts  (e g . Lassa, Marburg).

Not a l l  the v iru ses  l is t e d  in  Table 1 occur in  A fr ic a  but the l i s t  

o f  those which do (Tab le  2 ) is  s t i l l  e x ten s iv e . Smallpox (V a r io la ) 

has been excluded s in ce  the d isease has been almost t o t a l ly  e lim inated  

from the world as a r e s u lt  o f  the World Health O rgan isa tion 's  ex tens ive  

and h igh ly  successfu l e rad ica tion  programme. The only poss ib le  

remaining pockets o f  a c t iv i t y  are in  the Horn o f  A fr ic a  p a r t ic u la r ly  in  

Somalia and south-east E th iop ia  (WHO, 1977, 1978) but the p re v a ilin g  

c i v i l  unrest in  these areas may delay f in a l  v e r i f ic a t io n  th a t the 

d isease has been com pletely e lim inated . Fortunately the i l ln e s s e s  

which have been reported  appear to  be due to  the le ss  v iru le n t  v a r io la



th e ir  routes o f  transm ission

Table 1. Epidemic v ira l haemorrhagic fe v e rs o f man c la s s if ie d  by

P erson -to -p erson :

Smallpox (V a r io la )

M osquito-borne:

Chikungunya haemorrhagic fe v e r  

Dengue haemorrhagic fe v e r  

R i f t  V a lle y  fe v e r  

Y e llow  fe v e r  

T ick -born e :

Crimean haemorrhagic fe v e r  (in c lu d es  v iru ses  o f  the 

Haemorrhagic fever/Congo/Hazara complex) 

Kyasanur F orest D isease 

Omsk haemorrhagic fe v e r  

Zoonoti c :

Argentinean haemorrhagic fe v e r  (Junin  v iru s ) 

B o liv ia n  haemorrhagic fe v e r  (Machupo v iru s )

Lassa fe v e r

Haemorrhagic fe v e r  w ith  rena l syndrome 

Unknown route o f  transm ission :

Ebola fe v e r  

Marburg fe v e r

-10-







minor form where haemorrhagic symptoms are uncommon.

Chikungunya virus wts f i r s t  is o la t e d  in  A fr ic a  from mosquitoes 

and p a t ie n ts , by Ross 0 9 5 6 ) during an epidem ic in  the Nevada 

d is t r i c t  o f  Tanzania in  1952-53. The i l ln e s s  wan ch a rac te r ised  by 

high fe v e r ,  rash and c r ip p lin g  jo in t  pa in s  (Robinson 1955» Lurandon, 

1955). The n a tiv e  name is  derived  from  the main symptom, b-'ing 

"doubled-up" as a resu lt o f  the e x c ru c ia t in g  pains in  the jo in t s .  

Since then chikungunya v iru s  has been fre q u en tly  is o la te d  from man 

and mosquitoes during epidemics in  In d ia  and sou th -east A s ia  as w e l l  

as in  eas te rn , western , c en tra l and southern  A fr ic a .  In  In d ia  and 

south-east A s ia , chikungunya v irus has o ften  been im p lica ted  in  

outbreaks o f  haemorrhagic fe v e r . D uring an epidem ic in  Madras 

Thiruvengadam e t  u l. ( 1965) reviewed i ’k2 cases o f  chikungunya fe v e r  

and found 1 1 ? w ith  haemorrhagic com p lica tions and Garkar e t . a l . 

(1967) reported  11 p a tien ts  in  C a lcu tta  w ith  severe haemorrhagic 

fe v e r  in c lu d in g  £ deaths from whom chikungunya v iru s  was is o la te d . 

Some doubt however surrounds the v iew  th a t  chikungunya v iru s  con 

cause haemorrhagic d isease p a r t ic u la r ly  as most outbreaks have 

occurred when u31 fou r dengue v iru s  sero types  have a lso  been a c t iv e .  

In Thailand Nimmannitya e t  a l . (1969) suggested th a t chikungunya 

never caused the severe shock syndrome d isp layed  in  haemorrhagic 

fe v e r  caused by the dengue v iru ses . B leed ing  com plications have 

never been reported  in  outbreaks o f  chikungunya in fe c t io n  in  A fr ic a  

and because o f  th is ,  the virus is  exc lu ded  from the l i s t  shown in  

Table 2. S im ila r ly ,  although dengue v iru ses  have been is o la te d  in  

V/est A fr ic a  (Carey e t  al . 1971), no con c lu s ive  evidence th a t they 

cause haemorrhagic i l ln e s s  there has been presen ted  and so they too 

are excluded from Table 2.

R i f t  V a lle y  fe v e r  u n t il r e c e n t ly  has been regarded as a severe 

d isease o f  sheep and c a t t le  o ccu rrin g  p a r t ic u la r ly  in  South A fr ic a  

where the v iru s  is  transm itted  by Aedes caballus and Culex t h e i le r i



Human involvement was gen era lly  f a i r l y  sporad ic and the i l ln e s s  war. 

most usually acquired through d ire c t  con tact with s ick  or dead 

animals. The v irus was f i r s t  is o la te d  in  Kenya in  1930 by Daubney 

e t  a l . (1931) and la rg e  ep izo o tic s  have been regu la r ly  reported 

th ere  s in ce . South A fr ic a  has had the la r g e s t  e p iz o o t ic s , 100,000 

sheep and c a t t le  dying in  1951. During the summer and autumn o f  

197^-75 seve ra l hundred human in fe c t io n s  were reported  during 

another huge e p iz o o t ic  (Van Velven , e t  a ] . (1977) and B.M. McIntosh,

personal communication) .  Most o f  the p a tien ts  were farm workers and 

ve te r in a ry  surgeons who acquired th e ir  in fe c t io n  w h ile cu ttin g  open 

carcasses and handling t issu es  o f  animals which had d ied  from the 

d isease. Seven p a tien ts  d ied fo llo w in g  the development o f  purpura, 

e p is ta x is , haemntemesis and mclaens accompanied by profuse gastro ­

in te s t in a l b leed in g  assoc ia ted  w ith ex ten s ive  necrosis o f  the 

parenchymal c e l ls  in  the l i v e r .  T h irty  o th er pa tien ts  developed 

cen tra l b lindness assoc ia ted  w ith  r e t in i t i s  and a cotton wool 

exTidate on the macula arid s eve ra l had permanent damage. At le a s t  

one fu rth er p a tien t developed en cep h a lit is . The la rg e s t  outbreak 

o f  human in fe c t io n  occurred in  the la s t  quarter o f  1977 in  low er 

Egypt (WHO, 1978). U n o ff ic ia l  estim ates put the number o f  human 

cases as high as 20,000 w ith at le a s t  90 deaths. (D .I.H . Simpson, 

personal communication). The outbreak in vo lved  the Govemates o f  

Sharquiyeh, Qualyubiya and G iza between September and November, 1977. 

R etrospective  in ves t ig a t io n s  have shown th a t the human outbreak was 

proceeded by an even more devasting e p iz o o t ic  in  domestic c a t t le  and 

sheep and a lso  in vo lved  camels and water b u ffa lo e s . There is  evidence 

to o , o f  ex tensive involvement o f  c a t t le  end sheep in  upper Egypt as 

ea r ly  as Ju ly , 1977 but the d isease was not recognised at f i r s t  as 

R i f t  V a lley  fe v e r  and the d isease has never been recorded there 

p rev iou s ly . I t  is  thought that Culex fa tigan s  acted as the mosquito 

host but many human in fe c t io n s  were undoubtedly acquired through



d ir e c t  contact w ith  s ick  anim als. There in  as y e t  no in form ation 

about the o r ig in a l source o f  the outbreak.

Yellow  fe v e r  remains today as the most im portant cause o f  

haemorrhagic disease in  A fr ic a . The exact ex ten t o f  th e  enormous 

E thiopian epidemic between i 960 and 1962 w i l l  never be known but 

S e r ie  e t  a l . (1961j, 1968) es tim a ted  that th e re  were between 15,000 

and 30,000 deaths. There were s e v e r a l  thousand cases and s eve ra l 

hundred deaths in  the Senegal ep idem ic o f  1965 (Chambon e t  a l . 1967) 

and sm aller outbreaks have occu rred  more re c e n t ly  in  Angola , N ig e r ia  

and s ev e ra l West A fr ican  cou n tr ie s  (WHO, 1976).

The f i r s t  reported  outbreak, o f  what was la t e r  t o  be known as 

Crimean haemorrhagic fe v e r  took p la c e  among Russian troops h e lp in g  

w ith  the harvest in  the steppe r e g io n  o f w estern  Crimea in  191*1* 

(Chumakov, 19U5 ) .  As w e ll as is o la t io n s  from  human acute b lood , 

s tra in s  were is o la ted  from Hyalomma marginatum marginatum (Grobov, 

I 9U6 ) .  The f i r s t  A fr ican  i s o l a t e ,  known as Congo v iru s  was made by 

Courtois in  1956 in  what was th en  the B elg i an Congo from the b lood 

o f  a f e b r i le  ch ild . Further is o la t io n s  have shown th e  v irus to  be 

w idespread in  East and West A f r i c a  (Simpson e t  a l . 19 6 7 » Causey 

et  a l . 1970). I t  was not u n t il 1969 th a t Casals showed that the 

Crimean haemorrhagic fe v e r  and Congo v iru ses  were id e n t ic a l  and were 

p a r t ia l ly  re la ted  to  another v i r u s ,  Hazara, is o la te d  in  Pakistan 

(Begum e t  a l .  1970). A syndrome s im ila r  t o  Crimean haemorrhagic 

fe v e r  has been described more r e c e n t ly  from other areas o f  the S ov ie t  

Union and from Bu lgaria and Y u gos la v ia . Cases g en e ra lly  occur in  

ru ra l areas w ith peak incidence in  June and Ju ly. I l ln e s s  is  usually  

severe  w ith  b leed ing a common fe a tu r e .  The m o rta lity  ra te  is  o ften  

as h igh as 30-50 per cent. Thin severe i l ln e s s  is  in  sharp con trast 

to  the pattern  o f  d isease in  A f r i c a  where haemorrhagic phenomena and 

deaths have only ra re ly  been rep o r ted  (Simpson c t a l . 1967).



Lassa fe v e r  i s  perhaps the most p u b lic is ed  o f  a l l  the v i r a l  

haemorrhagic fe ve rs  w ith a case f a t a l i t y  o f  36-67 per cent among 

h o sp ita lis ed  p a tien ts . Twenty one medical workers are known to  have 

been in fe c te d , o f  whom 10 had d ied. Lassa, l ik e  Marburg and Ebola 

v iru s e s , once i t  has been su ccess fu lly  transm itted  from i t s  natural 

r e s e rv o ir  host to  man, i s  capable o f  adaptation  to  produce man-to-man 

transm ission. Thus i t  is  th e o r e t ic a l ly  p o ss ib le  fo r  such an in fe c t io n  

to  be introduced from i t s  country o f  o r ig in  t o  countries where the 

natu ra l hoot does not e x is t  end s t i l l  be capable o f  successfu l 

transm ission. Hence the considerable world-w ide p u b lic  health  concern. 

Lassa v iru s was f i r s t  is o la te d  from an American m issionary nurse fo llow in g

o f  two other nurses in  N ig e r ia  (Frame e t  a lthe sequen tia l in fe c t io n  

1970). The v ir o lo g is t  who made the is o la t io n  in  turn become in fec ted .

A seasonal outbreak o f  Lassa fe v e r  w ith a h igh  m o rta lity  o f  53 per 

cent among 23 p a tien ts  adm itted to  h o sp ita l was reported  in  Jos, N ig e r ia  

in  1970 (W hite, 1972). In  March, 1972 fu r th e r  cases o f  Lassa fe v e r  

occurred among U p a tien ts  and 7 members o f  s t a f f  in  a h o sp ita l in  the 

Zorzor d is t r ic t  o f  L ib e r ia ,  and U pa tien ts  d ied  (Monath, 1973). The 

fou rth  major outbreak was not h osp ita l assoc ia ted  and took place between 

O ctober, 1972 and October 1971* in  and around Panguma township, S ie rra  

Leone. There were 6U cases most o f  whom acqu ired th e ir  in fe c t io n  in  the

community. S evera l fam ily  outbreaks occurred. I t  was fo llow in g  th is  

outbreak that in v e s t ig a to rs  showed th a t the multimammate rat

v iru s  (Monath e t  a l

Mas tony s

n a ta len s is is  the p o ss ib le  re s e rv o ir  host o f  Lassa 

197*0- Lassa fe v e r  has continued to  occur in  West A fr ic a ,  but usually 

as sporadic cases. Qu ite o ften  medical personnel are those who manifest 

the d isease presumably be ing in fe c ted  through contact w ith a fe b r i le  

p a tien t. Lassa v irus in fe c t io n s  appear to  be much commoner than was 

h ith e r to  suppoced and evidence fo r  th is  has been supp lied  by 

Dr J.B . McCormick (persona l communication) working in  S ie rra  Leone.

In  an endemic area o f  Lasse virus a c t iv i t y  he has found that almost



h a l f  o f  pa tien ts  presen ting w ith  fe b r i le  i l ln e s s  have Lassa in fe c t io n  

b\it very few develop severe d is ea se .

Tiie mode o f  transm ission o f  Lassa v iru s  from rodent to  man or 

from man-to-man is  not y e t  known. S im ila r ly ,  the pathogenesis o f  

Lassa v irus in fe c t io n  in  i t s  n a tu ra l host is  s t i l l  not understood.

I t  i s ,  however, reasonable t o  expect th a t Lassa, l ik e  some o th er 

members o f the arenaviruses group , induces a chronic c a r r ie r  s ta te  

in  i t s  natural host and a p e r s is te n t  in fe c t io n  develops lea d in g  to  

both h o r izon ta l and v e r t ic a l  transm ission . Rodents, such as 

Mastomys n a ta len s is , may e x c re te  the v iru s  in  urine and s a l iv a  and 

may thus contaminate food  and w ater. Monath e t  a l . (±97*0 suggested 

th a t the low le v e l  o f  san ita tion ., the s to rage  o f  g ra in  and food  

w ith in  houses and the ease w ith  which rodents in fe c t  mud and thatch 

houses enhance the contact between rodents and man. The means by which 

the v iru s is  spread from person -to -person  i s  s t i l l  not c le a r . Medical 

attendants or r e la t iv e s  p ro v id in g  d ir e c t  personal care are most l ik e ly  

t o  contract the in fe c t io n . A cc id en ta l in o cu la tion  w ith  a sharp 

instrument o r  contact w ith  b lo o d  has accounted fo r  a few cases. Lassa 

v iru s has been is o la te d  from  the b lood , pharynx and urine o f  p a tien ts  

CBuckley and Ca3als, 1970) s o  th a t in d ir e c t  a irborne spread o f  the virus 

as w e ll as mechanical transm ission  are most l i k e l y .  Virus has been 

is o la te d  from p a t ie n ts ’ u r in e  during convalescence in d ic a t in g  th a t the 

v iru s  can p e rs is t  a f t e r  the acute i l ln e s s  has receded.

Lassa fe v e r ,  l ik e  two o th e r  severe arenavirus in fe c t io n s  (Junin 

and Machupo) o ften  presents w ith  a slow in s id iou s  onset and the non­

s p e c i f ic  ea r ly  symptoms makes c l in ic a l  d iagnosis  d i f f i c u l t .  Later 

severe p ro s tra t io n , p y re x ia , ph aryn g itis  and t o n s i l l i t i s  w ith  w h itish  

exudative les ion s  and sm all v e s ic le s  and u lc e ra t io n s , con ju n ctiva l 

in fe c t io n , and occas ion a lly  a fa in t  maculo papular rash become ev iden t. 

In  severe coses haemorrhages a lso  occur. Although secondary cases 

arc common, t e r t ia r y  cases are  rare.



Marburg v irus d isease (M artin i and S e ig e r t ,  1971) is  a severe 

d is t in c t iv e  haemorrhagic f e b r i l e  i l ln e s s  f i r s t  described  in  1967 

vhen 31 cases o f  i l ln e s s  w ith  7 deaths in  Germany and Yugoslavia were 

traced  to  d ire c t  contact w ith  b lood , organs or t is s u e  c e l l  cultures 

from a batch o f  A fr ican  green monkeys ( Cercoplthecus aeth iops) which 

had been trapped in  Uganda. Severa l secondary cases occurred in  

h o sp ita l personnel by contact w ith p a t ien ts ' b lo od . One fu rth er case 

was apparently transm itted  by sexual in tercou rse  83 days a f t e r  the 

i n i t i a l  i l ln e s s ,  end v irus was is o la te d  from the semen. The case 

f a t a l i t y  ra te  was 29% fo r  the primary cases but th ere  were no deaths 

in  the 6 secondary cases. The v iru s  is o la te d  from  p a lle a ts  during 

the outbreak was q u ite  d is t in c t  from any other known enimal virus 

(Almeida e t e l . 1971i P e te rs  et  a l . 1969) .

The f i r s t  recogn ised  outbreak o f  Marburg d isease  in  A fr ic a  and 

the f i r s t  since the o r ig in a l 1967 outbreak occu rred  in  south A fr ic a  

in  February 1975 (Gear e t  a l . 1975). The prim ary case was a young 

Austra lian  man who had h itch -h ik ed  through Rhodesia. He died in  a 

Johannesburg h osp ita l and sh o rtly  afterwards h is  g i r l  t r a v e l l in g  

companion and a nurse who had cared fo r  him f e l l  i l l  w ith the same 

d isease. Both g i r l s  recovered . V ir o lo g ic a l stu d ies  showed that th is  

outbreak was caused by Marburg v iru s . Again th e re  was evidence o f  

v iru s pers is tence in  the body when v irus was cu ltu red  from f lu id  

asp irated  from the a n te r io r  chamber o f  the eye 80 days a f t e r  the onset
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includ ing 21.1 deaths.

The i l ln e s s e s  recorded  w ith  both Marburg and Kbola v iru ses  are 

v ir tu a l ly  in d is tin gu ish a b le . Both in fe c t io n s  have always had an 

abrupt onset w ith  severe f r o n t a l  and tem poral headache, fo llo w ed  by 

high fe v e r ,  gen era lised  pa ins p a r t ic u la r ly  in  the back. The p a tien ts  

rap id ly  became p ros tra ted  and soon developed severe watery diarrhoea 

which le d  to  a rap id  w e igh t lo s s  and dehydration . D iarrhoea, abdominal 

pain and cramping, nausea and vom iting o fte n  p e rs is ted  f o r  a week 

(Simpson, 1977). In the Sudanese outbreak k n i fe - l ik e  chest and 

p le u r i t ic  pain was an e a r ly  symptom and many p a tien ts  complained o f  

a very dry, ra ther than so re  th ro a t ,  accompanied by cough. On w hite 

skins a ch a ra c te r is t ic  maculopapular rash (F igu re  l )  appeared between 

days 5 and T (M a rt in i, G.A. 1969; Gear e t  a] . 1975; Edmond et- nl . 

1977). Lasting 3-1* days i t  was fo llow ed  by a f in e  desquamation.

On b lack skins the rash , o f t e n  described  as be ing " lik e -m ea s le s " was 

not so obvious and was o fte n  on ly recogn ised  la t e r  w ith the appearance 

o f  skin desquamation (WHO, 1978). C o n ju n c t iv it is  was a regu la r  fea tu re  

in a l l  the outbreaks. An exanthem o f  the p a la te  was reported  from 

Germany but was not seen in  South A fr ic a .  In  Sudan a ph aryn g itis  was 

commonly noted and the th ro a t  was found to  be dry and accompanied by 

fis s u r in g  and open sores on the tongue and l ip s .  P a tien ts  were 

gen era lly  admitted to  h o s p ita l  on the 5th day o f  i l ln e s s  and th e ir  

genera l appearance was d escrib ed  as "g h o s t - l ik e "  w ith  drawn anxious 

fea tu res , expression less fa c e s ,  deep-set e y e s , a grey ish  p a l lo r  and 

e x t reme le th  a rgy .

A la rge  number o f  cases in  both Marburg and Ebola outbreaks 

developed severe b le ed in g  between days 5 and 7. The g a s tr o - in te s t in a l 

t ra c t  and lungs were most frequ en tly  in vo lved  w ith  haematemesis, 

melaena and sometimes th e  passage o f  fre sh  b lood  in  the s to o ls .  There 

was a lso  b leed ing from th e  nose, gums and vagina and subcon junctiva l 

haemorrhages were common. P etech iae  and b leed in g  from needle puncture

'







Figure 1 » P e te ch ia l skin rash on the buttocks o f  an Ebola p a tien t 

(Courtesy o f  Dr R.T.D. Emond.)
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s ite s  were v e iy  common. Death g en e ra lly  occurred  between days 7 end 

l6  usually  preceded by severe b lood  lo ss  and shock.

The v iru s  s tra in s  is o la te d  from both Z a ire  and Sudanese pa tien ts  

(Bowen e t  a l . 1977; Pattyn  et. a l . 1977; Johnson e t  a l . 1977) were 

found to  be m orph o log ica lly  id e n t ic a l  to  Marburg but a n t ig e m c a lly  

d is t in c t  (Johnson e t  a l . 1977). The name Ebola was g iven  t o  the new 

s tra in  o f  v ir u s .

The E bo la  v iru s  outbreak in  the Sudan was centred  on the township 

o f  Nzara (20,000 in h ab itan ts ) and M aridi (15,000 in h ab itan ts ) in  the 

Western E qu a to r ia l P rov in ce . In  Nzara the f i r s t  probable case f e l l  

s ick  on 27th June, 1976 and d ied  on 6th J u ly , 1976. He worked as a 

c lo th  s to rek eep er in  a cotton  fa c to r y  in  the town. Two weeks la t e r  a 

second s to rek eep er became i l l  and th is  was fo llo w ed  in  a fu th er two 

weeks by a th ir d  fa c to ry  employee becoming i l l .  One o f  the contacts

o f  the th ir d  case f e l l  i l l  and was admitted t o  Maridi h o sp ita l where 

he died on th e  17th August, 1976. Contacts w ith  th is  p a t ie n t  in  M aridi 

le d  to  an enormous epidemic th e re .

During August, September and ea r ly  October cases continued to  

occur among employees o f  the fa c to ry  in  Nzara. They in  turn in fe c te d  

th e ir  fa m il ie s  and fr ien d s . The la s t  recorded case o f  in fe c t io n  in 

Nzara had an onset o f  i l ln e s s  on 10th October, 1976 by ■which time th ere  

had been 70 cases and 33 f a t a l i t i e s  in  the town. M aridi h o sp ita l 

meanwhile had become the cen tre o f  a la rg e  outbreak, the h o sp ita l 

actin g  as an am p lify ing fa c to r  o f  the d isease . During the f i r s t  two 

weeks o f  September s e ve ra l cases occurred in  M aridi w ith 9 deaths. In 

the second h a l f  o f  September th e  epidemic became severe w ith  76 cases

o f  in fe c t io n  and U2 deaths. There was r. f a l l  in  the number o f  cases
. 1

in  ea rly  O ctober, but la t e r  in th e  month the outbreak increased  in

s e v e r ity .  S tr in gen t con tro l measures brought in to  e f f e c t  by the WliO/ 

Sudanese team in  la
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la s t  recorded case o f  in fe c t io n  being admitted to  h osp ita l on ¿pth  

November, 1976* The in fe c t io n  spread s v i f t l y  but on ly through c lo s e  

and prolonged, and usually  nursing, contact w ith an a c tive  case.

Health personnel in  p a r t ic u la r  were in vo lved  through contact w ith  

p a tien ts ' b lood . When good nursing techniques, supplemented by the 

use o f  p ro te c t iv e  c lo th in g , were introduced the number o f  con tact 

in fe c t io n s  f e l l  d ram atica lly .

The cotton fa c to ry  in  Nzara rece ived  p a r t icu la r  a tten tion  from the 

WHO team as i t  appeared t o  be a common source o f  severa l Ebola v iru s  

in fe c t io n s  during the Ju ly-O ctober p er iod . A la rg e  number o f  a rth ro ­

pods (mosquitoes and t i c k s ) ,  roden ts, bats and o ther small mammals 

were c o lle c te d  during the in v e s t ig a t io n s  and b lood  and tissu es  removed 

fo r  v i r o lo g ic a l  s tu d ies .

In  Za ire  the f i r s t  recogn ised  case occurred during the f i r s t  week 

o f September 1976 and i s  thought t o  have o r ig in a ted  at a sm all m ission 

h osp ita l in  Yambuku north o f  Yandonge Equateur P rovince. P a ren te ra l 

in je c t io n s  may have p layed  a ro le  in  transmission in  th is  area.

Pa tien ts  in fe c te d  in  the h o sp ita l environment probably c a rr ied  the 

in fe c t io n  back V  o th e ir  home v i l l a g e s ,  s e tt in g  up new pockets o f  

in fe c t io n  in  th e ir  homes . The source o f the in fe c t io n  in  Z a ire  remains 

unknown but i t  may have been in troduced to  Yambuku by a p a t ie n t  

p resen ting at the ou tpatien t c l in ic  w ith a n on -spec ific  f e b r i l e  i l ln e s s .

As the author had p a r t ic u la r  r e s p o n s ib i l i t ie s  at the M ic ro b io lo g ica l 

Research Establishment f o r  the handling and containment o f  dangerous 

v i r a l  pathogens , i t  was o r ig in a l ly  conceived that work fo r  th is  thesis 

would be concerned w ith  certa in  aspects o f  research on I.assa v iru s  or

other v iru ses  req u ir in g  th is  type o f  containment. Studies began on 

some o f  these v iru ses  in  1975 but were suddenly in terrupted  by the 

enormous Ebola virus outbreak in th e  Sudan and Za ire . Such was the 

exten t o f  in te rn a tio n a l concern th a t the S pec ia l Pathogens U n it at the 

M ic rob io lo g ica l Research Establishment was requested by the W orld

-? 1 -
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Health O rgan iza tion  t o  handle a l l  the specimens emanating from 

Za ire  and th e  Sudan in  co lla b o ra tio n  w ith the Centre fo r  D isease 

C on tro l, A t la n ta , U .S .A . and the P r in ce  Leopold In s t itu te  fo r  

T rop ica l M ed ic in e , Antwerp. As u re su lt  the U n it 's  a c t i v i t i e s  

were d ir e c te d  e n t ir e ly  t o  s tu d ies  on Ebola v iru s . The au thor's  

involvem ent was compounded fu r th e r  when, during labora to ry  

in v e s t ig a t io n s  on Ebola v iru s , a member o f  the lab o ra to ry  s t a f f  

a c c id e n ta lly  in fe c te d  h im se lf and contracted  the d isease (Emond 

e t  a l .  1977 ). This l e f t  the author w ith  no a lte rn a t iv e  but to  

devote h is  en t ir e  e f f o r t  to  work on Ebola v iru s ,  and as a r e s u lt  

th is  th e s is  is  n ec e s sa r ily  alm ost e n t ir e ly  devoted to  s tud ies on 

Ebola v iru s .
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Is o la t io n  attempts and human s e ro lo g ic a l studies 

INOCULA. Specimens from the northern Zaire outbreak, were r e fe r r e d  to  

the M ic ro b io lo g ic a l Research Establishm ent, Porton , by P ro fe s so r  

S.R. P a ttyn  o f  the In s t i tu t e  o f  T ro p ic a l M edicine, Antwerp. They 

were an acute-phase serum (No. 718), c e l l- c u ltu r e  m a ter ia l and bra ins 

from su ck lin g  mice which had a lready been inoculated w ith  the serum. 

L a te r  we rece ived  a specimen o f  l i v e r  from the same p a t ien t  and a lso  

5 acute-phase b lood  specimens from Z a ire  v ia  P ro fesso r  Pa ttyn . 

Specimens from the southern Sudan were c o l le c te d  by Dr D .I.H . Simpson, 

Dr B ab iker e l  T a h ir , Dr D.H. Smith, Dr K. Jones, Dr M. Cornet and 

Dr D .P . Francis who were th ere  to  in v e s t ig a te .  They con s is ted  o f  

th ro a t  swabs, urine specimens, acute-phase b lood  specimens and 

conva lescen t serum specimens. These specimens were sent on dry ic e  

or in  l iq u id  n itro g en .

A n im a ls :

a ) Guinea p igs  o f  the Dunkin-Hartley s tra in  w eigh ing 

approxim ately 250-300 grains.

b ) V ervet (CERCOPITHECUS AETHIOPS) monkeys and rhesus 

(MACACA MULATTA) monkeys o f  e ith e r  sex.

c ) Porton w h ite mice aged 2 days and adults aged 3—̂  

weeks.

T issu e  cu ltu re : A fr ica n  green monkey c e l l  l in e  (V e r o ), baby hamster 

k idn ey  c e l l  l in e  (BHK 2 1 ),  rhesus monkey kidney c e i l  nine (LLC-MK2) 

and a primary human l i v e r  c e l l  l in e .  These were ’.mod as s ta t ion a ry  

m onolayer cu ltu res  in  e ith e r  Com ing 25 aq cm fla sk s  or in  Nunc 

p la s t i c  tubes 100 x lU mm and maintained in  e ith e r  the P irb r ig h t  

m o d ific a t io n  o f  Eagles medium (C apstick  e t  a l . 1962), L e ib o v itz  

medium (L15) o r  199 w ith  various concentrations o f  fo e t a l  c a l f  

serum.

Complement f ix a t io n  te a t  using the m ic ro t itre  method o f  Sever ( 1962)

1
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with  a f in a l  e ry th rocy te  concen tration  o f  one per cent and two 

complete un its o f  complement in  the t e s t .  The antigens were e ith e r :-

a) in fe c te d  guinea p ig  serum co lle c ted  during th e  acute-

b ) c en tr ifu ged  suspension o f  in fe c ted  guinea p i g  l i v e r  or 

sp leen  in  complement f ix a t io n  te s t  d iluent then  

in a c t iv a ted  w ith  e ith e r  1/1000 b etap rop io lactone or 0.25 

p er cent form al s a lin e  and

c ) in fe c te d  t is su e  cu ltu re  medium in activa ted  w ith  e ith e r  

1/1000 b e tap rop io la c ton e  o r  0.25 per cent formal, sa lin e . 

These antigens w ere te s ted  against s p e c if ic  Lassa,

Marburg and Congo v irus an tisera .

Hacmagglutinati o n - in h ib it io n  te s ts  were ca rr ied  out by  the m ic ro titre  

technique described  by S eve r  ( 1962) using sucrose-acetone extracted  

antigens prepared as d escribed  by Clarke and Casals (1958) from the 

fo llo w in g  v iru s e s :-  (Chikungunya, O'nyong-Nyong, Y e llo w  fe v e r  (17D) 

West N i le ,  Dengue 1 and 2 ,  Bunyomwera, Germiston and T ick-borne 

e n c e p h a lit is ).  The human sera  te s ted  were from ea r ly  convalescent 

cases from the Sudan. A l l  the sera  were f i r s t  in a c t iv a te d  at 56°C 

fo r  1 hour and then e x tra c te d  w ith Kaolin  and goose c e l l  absorbed as 

described by Clarke and Casals (1958). Sucrose-acetone extracted  

antigens were a lso  prepared  from acute-phase human and guinea p ig  

sera  and from in fe c ted  gu inea p ig  l i v e r  and tes ted  a ga in s t the 

fo llo w in g  s p e c i f ic  v iru s  a n t is e ra :-  (O'nyong-Nyong, Chikungunya, 

Bunyamwera, Germiston, Pongo la , Ntaya, West N ile ,  Spondweni, 

W itwatersrand, W esselsbron, Yellow  fe v e r  ( l vD ), Nyando, Bwamba, 

T ick-borne E n cep h a lit is , Banzi, Z ika, Dengue 1 ana Uganda S. ,

phase o f  the in fe c t io n  (days 5 or 6 ).

in tra c e re b ra lly  and b ) in tra p e r ito n e a lly  with 0.02 ml and 0.03 ml



maximum rontainm ntshow the cabinet layout theFigure to

Research Es ta b ! shmentlaboratory the Microbiologicalat

Figure 2

Figure 3







at le a s t  2U hours.

A ir  is  f i l t e r e d  in to  and out o f  each o f  th e  cabinets and is  egain 

f i l t e r e d  b e fo re  i t  leaves  the trunking « t  the end o f  the system.

M ateria l i s  passed in to  the system through a double-doored autoclave 

and is  passed along from cabinet to  cabinet through in ter-con n ectin g  

p o r th o le s .

W ith in  the cab inet system are housed a sm a ll c en tr ifu g e , +U C 

r e f r ig e r a to r ,  2 w ater baths, one operating at 3T°C and the o th er at 

6o°C, 2 m icroscopes and 2 incubators both op era tin g  at 36.5 C.

Specimens are brought out o f  the system fo r  s to ra ge  purposes through 

a dunk tank con ta in ing 5$ hypoch lorite  s o lu t io n . The a ir  pressure 

in  the room i t s e l f  is  at a n egative  pressure g ra d ien t, through the 

changing rooms to  the outside co rrid o r. The a i r  is  f i l t e r e d  b e fo re  

i t  leaves  the room and there is  a lso a b a tte ry  operated back-up system 

fo r  the room in  ease o f  a power fa i lu r e .

Animal experiments were ca rr ied  out in  a su ite  o f  rooms w ith  

entry and e x i t  through an a ir lo ck  and shower. Personnel wore p ro te c t iv e  

c lo th in g , g lo v e s , rubber boots and fu l l- fa c e  b io lo g ic a l  re sp ira to rs  end 

hoods.

A l l  e f f lu e n t  from th is  su ite  o f  rooms was s t e r i l is e d  by b o il in g  

and ex tra c ted  a i r  was f i l t e r e d .  Before le a v in g  in fec ted  animal rooms 

personnel swabbed down th e ir  resp ira to rs  w ith  hypoch lorite  so lu tion  

and discarded t h e i r  gowns and hoods in to  a m eta l b in . Boots were 

thoroughly washed down in  hypoch lorite  s o lu t io n  and the rubber gloves 

were removed and l e f t  to  soak in  the h yp och lo r ite  s o lu tion . Having 

l e f t  th e  in fe c ted  rooms the remaining c lo th in g  wa3 removed in  the a ir ­

lock  and placed in  a metal b in . Boots and re sp ira to rs  were stored  

in  lockers  and the personnel then showered com plete ly  b e fo re  return ing 

to  the clean changing area.

Studies in guinea nigs I ________________

Apart from the o r ig in a l inocula guinea p ig s  were inocu la ted  with

#
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the fo llo w in g

a) Whole heparin ised  guinea p ig  b lood  taken during the f e b r i l e  

stages o f  d isease a t various passage le v e ls .

b ) Whole h eparin ised  monkey b lood  taken during the fe b r i l e  

stages o f  i l ln e s s .

c ) T en -fo ld  d ilu t io n s  o f  suspensions o f  tis su es  removed from 

in fe c te d  guinea p ig s ,  monkeys and mice.

d) Monkey urine and r e c ta l  swab m a te r ia l.

e ) Arthropods, b lood  and tissu es  from various sm all mammals 

c o lle c te d  in  the Sudan.
/

f )  C e lls  end medium from various t is su e  cu ltu re  systems.

Guinea p igs were b led  under e th er anaesthesia by in tra ca rd ia c

puncture. They were in ocu la ted  in tra p e r ito n e a lly  w ith  0 .1  ml amounts. 

Studies in  monkeys

The animals used were young adu lt v e rv e t  ( Ceroopithecus a e th io p s ) 

and rhesus ( Macaca m u latta ) . The monkeys were held  in  in d iv id u a l metal 

cages , measuring 26" x UO" x 18".

Handling procedures. Monkeys were handled only under sedation  w ith  

intram uscular in je c t io n  o f  ketamine hydroch loride (V e ta la r :  Parke, 

D avis ) 60 mg. They were b led  from the fem oral ve in  b e fo re  in o cu la tion  

w ith  in fe c t iv e  m a te r ia l. D a ily  r e c ta l  temperatures were recorded and 

2 ml o f  heparin ised  b lood  samples were c o l le c te d  d a ily  by fem oral 

venepuncture and in ocu la ted  in tra p e r ito n e a lly  in to  guinea p igs  to  

d etec t c ir c u la t in g  v iru s . Urine samples were c o l le c te d  a s c e p t ic a l ly  

at autopsy by b ladder a sp ira tion  w ith syrin ge  and need le  and s im ila r ly  

te s ted  fo r  v iru s .

Necropsy wan c a rr ied  out on a l l  monkeys sh o rt ly  a f t e r  death and 

various tissu es  removed fo r  v i r o lo g ic a l  s tu d ies , h ia topatho loQ f and 

e le c tron  microscope s tu d ies . Suspension o f  h ea rt, lu n g , l i v e r ,  sp leen , 

k idney, adrenals, pancreas, t e s te s ,  b i l e ,  urine and faeces  were

) con ta in ing 0 .75 Î Bovineprepared in  phosphate b u ffe red (pH
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plasma albumin (Armour Fraction  V ),  p e n ic i l l in  and streptom ycin and 

in ocu la ted  in to  guinea p igs .

Inocu la

Monkeys were inocu lated  with 3rd and Uth passage o f  in fe c te d  

guinea p ig  l i v e r  suspensions. The a c tu a l dose o f  the inoculum was 

ca lcu la ted  in  each case by p a r a l le l  in tra p e r ito n e a l t i t r a t io n s  in

mice aged 21 to  28 days.

Inocu la

a ) Human acute phase serum.

b ) 2nd passage guinea p ig  l i v e r  suspension.

c )  In fe c ted  tis su e  cu lture medium.

H is to lo g ic a l examination

Guinea p igs were k i l l e d  w ith e tn e r ,  monkeys w ith intravenous 

nembutal. Organs were removed im m ediately a ft e r  death and portions o f

sp leen , k idneys, adrenal glands, t e s t e s ,  myocardium, s k e le ta l muscle, 

stomach, duodenum, ileum , caecum, c o lo n , pancreas, s a liv a ry  glands

skin wounds with very serious consequences the bra in  and sp in a l cord 

were not removed because o f  the r isk  o f  p ie rc in g  a g love  on a sharp 

p iece  o f  bone. C lin ic a l n eu ro log ica l s igns were absent in  the monkeys,

10 per cent bu ffered  neu tra l form alin  and embedded in  p a ra ff in  wax

M a ch ia ve llo 's technique fo r  inclu sion  bod ies , by the p e r iod ic  acid - 

S h i f f  (PAS) and Gordon and Sweet's method, and w ith  M a llo ry 's

guinea p ig s  and expressed as guinea p ig  in fe c t io u s  units (G .P . I •U .) /ml. 

Studies in  mice

Porton  white mice were used a) as 2 to  3 days o ld  and b ) adu lt

the fo llo w in g  tissues were removed:-  tongue, trachea , lung, l i v e r ,

and lymph nodes. Since th is  disease i s  re a d ily  transm itted  to  man v i a

and th e re fo re  the r isk  did not seem ju s t i f i e d .  Tissues were f ix e d  in

Sections were cut as 5 wm5 ym stained by haematoxylin and eosin  (H & E) and

s e le c te d  sections stained w ith e ith e r  the Verhoeff-van Gresib method,

phosphotungstic ucid-haematoxylin (PTA ll).
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3rd , lith , 5th and 6t li passage guinea p ig  l i v e r  suspensions 

prepared by em u ls ify in g  in  a Ten Broeek gr in d er as a 20 per cen t 

suspension in  phosphate b u ffe red  s a lin e  pH 7.2 con ta in ing  0.75% 

bovine albumin (Armour F raction  V ).

Immunofluorescent stu d ies

In  t is su e  c u ltu re : -  The in d ir e c t  immunofluorescent t e s t  used 

was s im ila r  to  th a t described  by W u lff and Lange (1975) fo r  Lassa 

fe v e r . Vero c e l ls  were prepared in  25 cm  ̂ p la s t ic  fla sk s  (Nunc) and 

maintained in  m od ified  Esgles medium or L e ib o v itz  medium (L15 ) con­

ta in in g  2% fo e ta l  c a l f  serum at pH 7 .2 -J .b .  Each f la s k  was in ocu la ted  

w ith  1 ml o f  Ebola v iru s  as a 10% guinea p ig  l i v e r  and sp leen  

suspension. The medium was changed on the second day to  reduce t o x ic i t y  

caused by using guinea p ig  t is su e . As in d ica ted  by d a ily  immuno­

fluorescence antibody (IF A ) te s t in g  o f  r e p lic a te  p rep a ra tio n s , fla sks  

were incubated at 37°C u n t il 30-h0% o f  the c e l ls  had become in fe c te d , 

usually  a t  6-7 days.

For s l id e  p repara tion  media was f i r s t  decanted o f f  the in fe c te d  

c e l ls  and the c e l l  sheet washed th ree  times in  a pH 7 .2 -J .b  phosphate 

b u ffe red  sa lin e  (PBS). The c e l l  sheet was detached w ith  2 ml o f  0.2? 

tryp s in  in  versene; the c e l l  suspension was removed and d ilu te d  in  an 

equal volume o f  PBS con ta in ing 3% c a l f  serum to  in a c t iv a te  the trypsin/ 

versene a c t iv i t y .  The suspension was cen tr ifu ged  a t 1000 rpm fo r  f iv e  

m inutes, the Bupex'nutaiit d iscarded, and the c e l ls  resuspended in  PBS. 

This procedure was repeated  tw ice and the ce llB  were f in a l l y  suspended 

in  PBS conta in ing 0 .2? o f  bovine serum albumin to  a concen tration  o f
s a  K  ■ .1

approxim ately 5 x 105 ce lls/m l. The suspension was seeded in to  the 

w e lls  o f  p o ly te tra flu o ro e th y len e  coated g lass  s l id e s  each having 12 x 

6 mm w e l ls .  Each w e l l  rece ived  one drop o f  c e l l  suspension. The s lid es  

were a llow ed to  dry under an u l t r a v io le t  lamp fo r  20 minutes fo llow ed  

by 5 minutes f ix a t io n  in  c h il le d  acetone.



Sera  were examined fo r  the presence o f  Ebola v iru s  an tibodies 

by an in d ir e c t  immunofluorescent method (W u lff and Lange, 1975)* 

D up licate d ilu tion s  o f  a l l  te s t  s e ra  were made in PBS and sera 

were screened at d ilu tion s  o f  1 : U t .d 1:8. Known human p o s it iv e  

and n ega tiv e  sera were included as controls and PBS con tro ls  

s im ila r ly  used. A l l  t e s t  and c o n tro l sera  were screened on both 

in fe c te d  and un in fected  s lid e s . D ilu ted  sera  were p lace  in  s l id e  

w e lls  and held  in  a moist chamber at 37°C fo r  30 minutes and then 

washed in  PBS fo r  5-10 minutes. S lides were then d r ied  in  a ir

and a drop o f a) F lu o ro c e in - la b e lle d  rabb it anti-human IgG conjxigate 

(W ellcom e) at d ilu tion s  o f  1 :12 -1 :20  or b ) F lu o ro ce in - la b e lled  rabb it 

an ti-gu in ea  p ig  IgG conjugate a t  d ilu tion  o f  1:12-1:20 applied  to  a l l  

w e lls . The s lid e s  were again h e ld  at 37°C in  a moist chamber fo r  

30 minutes and then washed th ree  times in  PBS fo r  2-U minutes on each 

occasion  and f in a l ly  rinsed in  d i s t i l l e d  w ater fo r  30 seconds. S lides 

were then d ried  in  a ir  and examined under a R e ichert Fluorvar m icro­

scope using an HB0 50 w mercury vapour burner. Sera were only 

accepted as p o s it iv e  i f  c le a r  flu orescen ce was observed at a d ilu tion  

o f  1 :8 . Sera which were p o s i t iv e  only a t a d ilu t io n  o f  1:1» were 

regarded as equ ivoca l and graded as n ega tive .

E lec tron  microscope studies 

N ega tive  s ta in ing

Studies in  in fe c t iv e  guinea p ig  and monkey b lood . Blood appeared to 

be one o f  the r ich es t sources o f  the v irus in  body flu id s  with t i t r e s  

o f  approxim ately 106-5 G .P .I.U ./m l at the he igh t o f  the viraem ia 

(Day 5—6 ).  S ix  days a fte r  in fe c t io n  blood was obtained from guinea 

p igs  and monkeys by cardiac puncture using heparin as an anticoagulant 

The b lo o d  was immediately c en tr ifu ged  at 2000 rpm fo r  5 minutes. 

Plasma was p ip e tted  o f f  and m ixed with an equal volume o f  *»# form alin  

in  d i s t i l l e d  water and held  a t room temperature fo r  2U hrs.



Small drops o f  the f ix e d  plasma were p laced  on epecimen grids 

couted w ith  formvur: l e f t  fo r  2-3 minutes then the excess removed 

w ith  f i l t e r  puper. Drops o f  2% ammonium molybdate at pH 7 .0  were 

then p laced  on the g r id s ,  the excess be ing  removed w ith  f i l t e r  

paper. The g rid s  were then s ta b il is e d  w ith  a f i lm  o f  evaporated  

carbon and examined in  a P h ilip s  EM 300 e le c tro n  m icroscope using 

double condenser illu m in a tion  and an a c c e le ra t in g  v o lta g e  o f  80 KV. 

N egative s ta in in g  o f  t is su e  cu ltu re d er ived  m a te r ia l. Monday era o f  

Vero c e l ls  in  Corning 25 sq cm flasks  were in fe c te d  w ith  human acute 

phase b lood  (E 718). Seven days a f t e r  in fe c t io n  c e l l - c u ltu r e  f lu id  

was mixed w ith  an equal volume o f  b% fo rm alin  in  d i s t i l l e d  water 

and held  a t room temperature fo r  2U h rs . This was then t r e a te d  as 

fo r  f ix e d  plasma and examined in  a P h ilip s  EM e le c tro n  m icroscope. 

U ltra th in  sec tion  m a ter ia l

a ) L iv e rs  from guinea p igs  in fe c te d  w ith  the 1st gu inea p ig  

passage m a ter ia l o f  the Za ire  s tra in  o f  Ebola v iru s  E 718 

were removed on the 5th  post in ocu la tion  day. 1-2  mm 

cubes o f  the l i v e r  were f ix e d  in  1JS osmium te tra o x id e . 

A ft e r  subsequent dehydration the f ix e d  l i v e r  p ie c es  were 

embedded in  " e p ik o te " .  U ltra th in  section s were prepared 

on a R e ich ert U2 ultram ierotom e and s ta in ed  w ith  uranyl 

aceta te  and lead  c i t r a t e .  Preparations were examined in  

P h i l l ip s  EM 300 e le c tron  m icroscope. 

t>) L iv e rs  from rhesus monkeys in fe c te d  w ith  3rd gu inea p ig

passage m a te r ia l o f  the Za ire  s tra in  o f  Ebola v iru s  E 718. 

c ) Spleens from rhesus monkeys in fe c te d  w ith  3rd guinea p ig

passage m a ter ia l o f  the Za ire  s tra in  o f  Ebola v iru s  E ( l 8.

d ) Lungs from rhesus monkeys in fe c te d  w ith  3rd gu inea p ig

passage m a ter ia l o f  the Za ire  s tra in  o f  Ebola v iru s  E 710. 

Cubes o f  2-3 mm were cut from a l l  four organs and p laced  in 

phosphate-buffered g lu taraldehyde in  sea led  con ta iners. Forty e igh t



hours la t e r  3. min cubes were cu t from these und placed in  fresh 

phosphate-buffered g lu tara ldehyde • These were la te r  washed in 

repeated  changes o f  Palade/sucrose b u ffe r  pH 7. U fo r  18 hours.

The washed specimens were then p a r t - f ix e d  in  1# osmium te tro x id e  

in  the same b u ffe r  fo r  two hours and washed fo r  a s im ila r  time in  

d i s t i l l e d  water. Dehydration was done in  graded methanols, 

specimens spending 30 minutes in  3# uranyl aceta te  in  30^ methanol. 

Embedding was in  a r a ld it e , v i a  graded propylene oxide m ixtures.

A f t e r  polymeration fo r  U8 hours at 60°C, sections were cut on a 

Cambridge Huxley, u ltram icrotom e and s ta in ed  w ith  lead  n itra te  b e fo re  

v iew in g  on e ith e r  a Zeiss E.M. QA o r AEI EM 801 ( f o r  the h igher 

m a gn ifica tion s ).

E p idem io log ica l studies

Acute Samples. Blood, th ro a t  swabs, and urine samples were c o l le c te d  

w ith in  f i v e  days o f  the onset o f  i l ln e s s  from e igh t acu te ly  i l l  

p a t ien ts  in  Maridi H osp ita l is o la t io n  wards. A l l  e ig h t  pa tien ts  

were f e b r i l e ,  g ross ly  dehydrated and d isp layed  many o f  the c l in ic a l  

fea tu res  described (WHO, 1978 in  p re s s ).

Blood samples were c o l le c t e d  using d isposable syrin ges  and 

need les and immediately in je c t e d  in to  vacu ta iner tubes. Throat 

swabs were p laced in s t e r i l e  s a lin e  in  screw-capped polypropylene 

serum tubes (Nunc): urine samples were c o lle c te d  from  bed-pan 

samples in  s im ila r  po lypropylene tubes.

A ft e r  c lo t t in g ,  blood was cen trifu ged  in  sea led  vacutainer tubes 

in  the f i e l d  laboratory and serum asp ira ted  o f f  in to  polypropylene 

tubes. A l l  acute samples w ere stored  in  l iq u id  n itrogen  p r io r  to  

d ispatch  to  the M ic ro b io lo g ic a l Research Establishm ent, Porton. 

Post-mortem samples. Small p ieces  o f  l i v e r ,  sp leen , lung, kidney and 

were co lle c ted  in  polypropylene tubes and stored in  liq u idbone marrow

n itrogen .

!, I
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Convalescent plasma. A liqu o ts  o f  immune plasma were c o l le c te d  using a 

m od ified  plasmaphoreci s technique. As no cen tr ifu ge  was a va ila b le

plasma and c e l ls  were separated  by g ra v ity  on ly over a 2-3 hours period . 

Sera from con ta c ts . Blood samples were c o l le c te d  using d isposable 

syringes and needles and s to red  b e fo re  c en tr ifu ga tio n  in  sea led  

vacu ta iner tubes. In  Nzara samples were c o lle c te d  in  the cotton  fa c to ry  

and in  the homesteads around the township; in  M aridi samples were 

c o lle c te d  in  the h o sp ita l grounds, schools and surrounding homesteads. 

A ft e r  cen tr ifu ga tion  sera  were sto red  in  po lypropylene tubes and stored  

at -5°C. For despatch they were p laced  in  l iq u id  n itrogen  and sto red  at 

th e 'M ic ro b io lo g ic a l Research Establishment a t —20 C u n t i l  te s ted . 

Arthropods and small mammal t is s u e s : A la r g e  number o f  arthropods 

(mosquitoes and t i c k s ) ,  roden ts , bats and o ther small mammals were 

c o lle c te d  during the in v e s t ig a t io n , b lood  and tissu es  were removed fo r  

v i r o lo g ic a l  s tu d ies .

V ir o lo g ic a l in v e s t ig a t io n  on a case o f  Ebola v iru s in fe c t io n : The f i r s t  

specimen o f  b lood  was c o l le c te d  lU hours a f t e r  the p a t ie n t  became 

fe v e r ish . This was examined by e le c tro n  microscopy and a ls o  inocu lated  

in to  guinea p ig s . V ir o lo g ic a l  in v e s t ig a t io n s  were c a r r ie d  out on d a ily  

samples o f  b lood  c o lle c te d  during the acute-phase o f  th e  i l ln e s s  and on 

b lood , fa e c e s , th roa t swabs, u rine and seminal f lu id  c o l le c te d  during 

the convalescent phase o f  the i l ln e s s .

F ixa tion  and s ta in in g  o f  t is s u e  cu ltu re c e l l s . Monolayer cu ltures o f  

baby hamster kidney (BHK 2 l )  and Vero c e l ls  maintained in  P irb r ig h t  

m od ifica tion  o f  E a g le 's  medium (Capstick e t  a l . 1962) were grown on 

co ve rs lip s  in  Leighton tubes. Cultures were in fe c ted  w ith  in fe c ted  

guinea p ig  plasma and maintained a t 37°C, medium being changed a f t e r  

18 hours. Cultures were f ix e d  fo r  2 hours in  5^ p ic r ic  ac id  in  methyl 

a lcoho l and sta ined w ith  a m od ifica tion  o f  P ic ro -M a llo ry  (Z lo tn ik , 1952). 

Cross cha llenge stud ies in  guinea p ig s . Guinea p igs were immunized with 

low guinea p ig  passage m a ter ia l o f  the fo llo w in g  v iru s e s , Marburg 67



(Pass 1 ) ,  Za ire  prototype E 718 (Pass 2 ) and the Sudan s tra in  Boneface 

(Pass 2 ). Most guinea p ig s  survived the i n i t i a l  in fe c t io n , these were 

re -ch a llen ged  w ith the same virus a f t e r  a p e r io d  o f  three weeks. A fte r  

a fu rth er period  o f  th ree weeks, s p e c i f ic  antibody le v e ls  were estim ated 

on each guinea p ig  and th e  fo llo w in g  cross cha llenge t e s t  ca rr ied  out.

Immunising
Challenging Virus

Virus Marburg 67 E 718 Bone face

Marburg 67

E 718

Boneface

Ebola virus in a c tiva tion  stud ies

Eth e r  in a c t iv a t io n : Equal volumes o f  in fe c te d  guinea p ig  l i v e r  suspension 

and d ie th y l ether were m ixed toge th er and h e ld  a t +*4°C fo r  1 hour. The 

m ixing was repeated at 15 minute in te r v a ls .

Thermal in a c t iv a t io n : A 2 ml volume o f  in fe c te d  guinea p ig  l i v e r  sus­

pension was sealed  in  a g la s s  ampoule and immersed in  a 60 C w ater bath.

A sample was removed at 60 minutes, immediately c h il le d  in  an ic e  bath 

and then t i t r a t e d  in  gu inea  p igs .

In te r fe ro n  studies

Animals : These were young adult rhesus monkeys ( Macacca m ulatta ) o f  

e ith e r  sex weighing between 3 and U kgms. The monkeys were anaesthetised 

by intramuscular in je c t io n  o f  ketamine hydroch loride fo r  sampling o f  

b lood  and fo r  in o cu la tion . F ecta l temperatures were recorded d a ily .

V irus inoculum: The v iru s  was the prototype s tra in  E 718 is o la te d  from 

th e  p a tien t who died in  Z a ire  from Ebola haemorrhagic fe v e r  during the 

epidemic in  1976. The v iru s  wan passaged by s e ve ra l in tra p e r iton ea l 

inocu la tions in  guinea p ig s .  The inoculum was prepared as a 10* 

suspension in  phosphate-bu ffered s a lin e  pH 7-2 contain ing 0.75* bovine 

albumin, p e n ic i l l in  and streptom ycin from a guinea p ig  l i v e r  in  the

M i
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th ird  guinea p ig  passage. The suspension was d ilu ted  and the dose o f

v irus ca lcu la ted  by p a r a l le l  t i t r a t io n  in  guinea p igs  and expressed as
U

guinea p ig  in fe c t iv e  u n its . The monkeys re c e iv ed  10 guinea p ig  

in fe c t iv e  units in  0 .U ml amounts by in tra p e r ito n e a l in ocu la tion .

Human leucocyte in te r fe r o n : In te r fe ro n  was k in d ly  supplied  by 

P ro fesso r  K. C an te ll from th e  Central Pu b lic  Health  Laboratory,

H e ls in k i. This was produced by induction w ith  Sendai v iru s o f  

leucocytes in  suspension cu ltu res  obtained from buffer coats o f  human 

b lood  donation a t the C en tra l Pu b lic  Health Laboratory , H e ls in k i. The 

s p e c i f ic  a c t iv i t y  o f  the f in a l  preparation  was 2 x 10  ̂ units/mg p ro te in . 

The monkeys rece ived  3 x 106 un its o f  in te r fe ro n  intram uscu larly once 

d a ily .

Treatment schedu le:

a ) Two o f  the rhesus monkeys rece ived  in te r fe ro n  2 days b e fo re  

in fe c t io n  and th e  treatm ent was continued d a ily  th e re a fte r .

b ) Two monkeys were inocu la ted  w ith  the v iru s suspension and 

in te r fe ro n  was adm inistered 1 hour la t e r  and d a ily  th e rea fte r .

c ) The th ird  group o f  monkeys was g iven  in te r fe ro n  when fe v e r  

developed on th e  th ird  day a f t e r  in ocu la tion  w ith the virus 

and

d) A group o f  th ree  rhesus monkeys were inocu lated  w ith  the 

v iru s  on ly served  as con tro ls .

Sampling o f blood and tissu es

Samples o f  b lood were obtained d a ily  by fem oral venepuncture. 

B iops ies  were not c a rr ied  out during l i f e  in  view  o f  the r isk  o f  

uncon tro lled  haemorrhages. Autopsy was c a rr ied  out on a l l  monkeys 

sh o rt ly  a ft e r  death. P o rtion s  o f  the fo llo w in g  organs were removed 

fo r  v i r o lo g ic a l  and h is t o lo g ic a l  exam inations:- lungs, h ea rt, l i v e r ,  

sp leen , adrenals, k idneys, in te s t in a l  t r a c t ,  m esenteric lymph nodes 

and te s te s . B ile  and faeces  were a lso  c o l le c te d  fo r  virus t i t r a t io n .
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I.assa virus in a c t iv a t io n  studies

Ether in a c t iv a t io n : Equal volumes o f  v iru s  con ta in ing tis su e  culture 

f lu id  and d iethy l e th e r  were mixed toge th e r and he ld  at room temperature 

fo r  1 hour. The m ix ing  was repeated every  15 minutes.

U lt r a v io le t  l ig h t  in a c t iv a t io n : U ml amounts o f  t issu e  cu ltu re  medium 

contain ing 105”5 TCID 50/ml o f  Lassa v iru s  were dispensed in to  p la s t ic  

p e t r i  dishes having a diameter o f  50 mm. The depth o f  th is  f lu id  was 

approximately 3-3.5 mm. These were p laced  on a rocking s h e l f  w ith a 

rocking cyc le  o f  20 complete cyc les  per minute and at a d istance o f  6 

inches from a 15 w a tt  P h ilip s  germ ic ida l tube g iv in g  an in te n s ity  o f  

600 microwatts/cm^. Exposure times o f  15 > 30 seconds, 1, 2 and )i 

minutes were used.

Betanropiolactone (BPL) in a c t iv a t io n : Equal volernes o f in fe c te d  tissu e  

cu ltu re medium and Betaprop io lactone were mixed togeth er t o  g ive  the 

fo llo w in g  f in a l  concen tra tion  o f  BPL, 1:500, 1:1000, 1:2000, 1:U000 

and 1:8000. These were held  at +l4°C fo r  18 hours.

Thermal in a c t iv a t io n : Lassa v irus was added to  t issu e  cu ltu re  f lu id  

contain ing 10 per cen t c a l f  serum, th is  was then subjected to  the 

fo llo w in g  heat t-eatm ent, 56°C fo r  30 m inutes, 60 C fo r  30 minutes and 

60°C fo r  60 minutes .





Preliminary studies on the characterisation o f Las on. virus

T is sue cu lture s tu d ie s : Cytopathic changes in  Lassa v irus in fe c ted  

Vt.ro c e l l  cu ltu res  did not appear u n t i l  the Uth day. These cytopath ic 

changes began as s in g le  n ec ro tic  c e l ls  throughout the monolayer, these 

developed in to  fo c a l  areas in vo lv in g  groups o f  10-15 c e l ls  th a t became 

rounded and granu lar. By days 5-6 these  groups o f  c e l ls  became 

detached and v e r e  re a d ily  seen f lo a t in g  in  the medium, lea v in g  empty 

spaces in  the c e l l  monolayer. By the 8th day approximately 30-UO per 

cent o f  the c e l l s  became detached w ith  the remaining c e l ls  showing 

rounding and gran u la tion .

Follow ing the in fe c t io n  o f  Vero c e l l  cu ltu res w ith  approximately 

a 100 TCID 50 o f  Lassa v iru s , there was an i n i t i a l  drop in  the 

in fe c t iv i t y  t i t  r e .  The v iru s concen tration  then gradually  increased 

to  a peak in f e c t i v i t y  t i t r e  o f  between 10 -10 TCID 50/ml by the **th 

or 5th day. Th is  in f e c t i v i t y  t i t r e  tended to  f a l l  t o  a le v e l  o f  10^

TCID 50/ml on days 7 and 8. At th is  stage the medium was f a i r l y  acid.

An in te r fe re n c e  phenomenon could re a d ily  be demonstrated in  Vero 

c e l l  cu ltures in ocu la ted  w ith  high m u lt ip l ic i t ie s  o f  in fe c t io n . When
g

t i t r a t in g  a v iru s  suspension con ta in ing approximately 10 TCID 50/ml

in  fla sk s  con ta in in g  3 x 10^ c e l l s ,  no cytopath ic  e f f e c t  (CPE)

developed in  th e  fla sk s  inocu la ted  w ith  the undilu ted or 10  ̂ d ilu tion s .

—3In va riab ly  f la s k s  inocu la ted  w ith  the 10 d ilu t io n  were the f i r s t  to  

show signs o f  C.P.E.

Studies on th e  is o la t io n  and id e n t i f ic a t io n  o f  Lassa v irus

Studies by W u lff and Lange (1975) showed th a t the in d ire c t  

flu orescen t antibody technique could be used fo r  the d etection  o f Lassa 

v irus antigen in  in fe c te d  Vero c e l l  cu ltu res . This provided  a technique 

fo r  the e a r ly  id e n t i f ic a t io n  o f  Lassa v irus antigen and antibody and a 

means o f  making a r e la t iv e ly  ea r ly  d iagnosis o f  Lassa v irus in fe c t io n

Our r e s u lts  o f  d a ily  te s t in g  o f  in fe c te d  Vero c e l l  cu ltures showed
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th a t under the r ig h t  experim enta l cond itions (the r ig h t  amount o f  v iru s  

in  the inoculum) the is o la t io n  und id e n t i f ic a t io n  o f  Lassa v irus cou ld  

be made from human specimens arid a d iagnosis  confirmed w ith in  U8 horn's. 

Th is was la t e r  confirmed in  1977 in  th is  labora tory  w ith  an a c tu a l 

case o f  Lassa fe v e r  sent to  Porton  from Z aria  in northern N ig e r ia . 

D etection  o f  Lassa v iru s  an tib ody : An tibod ies were detected  by th e  

in d ir e c t  flu o rescen t antibody techn ique (F igu re  8) using the procedure 

described in  m ateria ls  and methods fo r  Ebola v iru s . A comparison 

between the in d ir e c t  flu o rescen t antibody technique and the complement 

f ix a t io n  t e s t  (Tab le 3) showed th a t the in d ir e c t  flu o rescen t antibody 

t e s t  was the more s e n s it iv e  o f  the two te s ts .

Tab le 3

Antibody T it r e
numan sera

c ftb IIFAb

i 16 128

2 1 6 128

3 32 6k

U U l 6

a) complement f ix a t io n  t e s t

b ) in d ir e c t  immunofluorescent antibody 

Lassa v iru s  in a c t iv a t io n  stu d ies
5 .5

Ether s e n s i t i v i t y : Ether reduced the in fe c t i v i t y  t i t r e  from 10 

t o  10'*"'’ TCID 50/ml. Lassa v iru s  was th e re fo re  considered to  be 

eth er s en s it iv e  but not com pletely  in a c tiva ted  under the con d ition  

o f  t e s t .

U lt r a v io le t  l ig h t  in a c t iv a t io n: U lt r a v io le t  l ig h t  reduced the 

in f e c t i v i t y  t i t r e  from 105 *5 t o  101 *0 TCID 50/ml in  15 seconds, th is  

reduced fu rth er a f t e r  30 seconds to  a l e v e l  where on ly the und ilu ted  

t is su e  cu lture f lu id  was p o s i t i v e ; complete in a c tiva t ion  being







the in d ir e c t  flu o rescen t antibody technique



achieved by X minute.

Beta—nropjolactone (BPL) in ac t i v a t io n : The resuXts o f  two experiments

are reported  in  TabXe H. In  both  experiments Lassa v iru s  couXd not be 

icoXated from any o f  the sampXes which were trea ted  w ith  a X:2000 

concen tration  o f  BPL and heXd a t  +1)°C fo r  X8-20 hours.

TabXe U

FinaX cone, o f  BPL

TCID 50/0.5 mX 
Experiment

A B

1 : 500 Toxic fo r  CeXX
•

X: XOOO Negative N ega tive

X: 2000 Negative N ega tive

1: it 000 xo2 -5 xo2

1 : 8000

-tfOH xou-5

1: X6000 XO5-5 xo5,5

Untreated controX XO5-5 xo6

Heat in a c t iv a t io n : The resuXts o f  two heat in a c t iv a t io n  experiments

are reported  in TabXe 5. AXthough the m a jority  o f  the v iru s  is  

in a c t iv a te d  at 56°C fo r  30 m inutes, there is  however a residuaX fra c t io n  

th a t is  reXativeXy heat r e s is ta n t .  Heating at 60°C f o r  X hour 

compXeteXy destroyed aXX in f e d t i v i t y  in  two separate experim ents.

TabXe 5

Treatment

60°C f o r  30 mins 

60°C fo r  60 mins

TCID 50/0.5 ml 
Experiment

A B

IAVO0H H O ON

XO2-5 xo1-5

XO1-* XO0- 5

Neg Neg



Result.;', o f  studies on Marburg type viruses

Isolation attempts and serological studies on human sera
The in form ation  re ce iv ed  from various people in  the f i e l d ,  suggested 

-the p o s s ib i l i t y  o f  Y ellow  fe v e r ,  Congo fe v e r ,  Lassa fe v e r  or Marburg 

d isease . The approach th e re fo re  to  the v iru s  is o la t io n  stud ies took th is  

in form ation  in to  considera tion  and the is o la t io n  attempts in c lu ded :-

1 ) In ocu la tion  o f  cu ltu red  preparations o f  Vero c e l ls  fo r  poss ib le  

Lassa fe v e r ;  and a ls o  BHK 21 c e l ls .

2 ) In ocu la tion  o f  suck ling and adult m ice, in tra p e r ito n e a lly  and 

in tru c e reb ra lly  fo r  p o ss ib le  arthropod-borne v iruses  and

3 ) With Marburg in  mind young guinea p igs weighing approxim ately 

200-250 grams were inocu la ted  in tra p e r ito n e a lly .

Tissue c u ltu re : No cytopath ic  changes were seen in  low-power m icroscopic 

examination o f  e ith e r  o f  the t issu e  cu lture systems used. A c id if ic a t io n  

o f  three cu ltu res was noted a ft e r  6-7 days incubation a t 37°C and f lu id  

from these cu ltures produced a f e b r i le  i l ln e s s  in  guinea p igs  inocu lated  

in tra p e r ito n e a lly .  E lec tron  microscope examination o f  th is  f lu id  on 

day 6, re v ea led  v iru s  p a r t ic le s  which were m orphologica lly  in d is tin gu ish ­

able from Marburg v iru s . (See sec tion  on tis su e  cu lture s tu d ie s ).

D e ta ils  o f  e le c tron  m icroscope studies on these tis su e  cu ltu re flu id s  

and o f  fu r th e r  stud ies in  t issu e  cu ltu re are s e t out in  a la t e r  section . 

Mic e  : No d e ta ile d  stu d ies  were ca rr ied  out in  mice apart from the

o r ig in a l  in o cu la tion  o f  acute phase sera  and o f  suck ling mouse 

b ra in  m ateria l sen t to  us by P ro fesso r Pattyn o f  the In s t itu te  

o f  T rop ica l M edicine, Antwerp. Suckling mice in ocu la ted  with 

th is  m ateria l began dying on the 5th day and were a l l  dead by 

the 9th day. Further passage from s ick  mice was not attenpted.

No signs o f  i l ln e s s  were observed in  any o f  the adult mice 

in ocu la ted .

Guinea n i « s :  A c le a r  p o s it iv e  re su lt  was obtained in  guinea p igs .

Guinea p igs  inocu lated  w ith acute-phase serum or whole blood



become f e b r i le  C^0.5-^1°C) a f t e r  an in cubation  p eriod  ranging 

from U-7 days and remained fe b r i le  fo r  about 3~t days during 

which time they were obviously i l l .  Whole lieparin ised  b lood  

taken during the f e b r i le  stage o f  the i l ln e s s  was su ccess fu lly  

passaged in  guinea p ig s . A t o t a l  o f  seven  is o la t io n s  were made 

in  guinea p ig s ,  U from specimens from northern Za ire  and 3 from 

specimens from southern Sudan. D e ta ils  o f  the su ccess fu l tra n s ­

m ission to  guinea p igs  is  s e t  out in  a l a t e r  s ec tion .

S e ro logy ; Apart from one serum having a low an tibody t i t r e  ( l/ lO ) to  

fe l lo w  fe v e r ,  no an tibod ies  were detected  in  any o f  the o ther p a t ie n ts ' 

sera  to  any o f  the arbovirus antigens used. N e ith e r  were th ere  any 

an tibod ies to  Marburg or Lassa fe v e r  v irus a n tig en s .

The sucrose acetone ex tracted  antigens which were prepared from 

acute-phase human serum, acute-phase guinea p ig  serum or l i v e r ,  when 

te s ted  against a broad range o f  arbovirus a n t is e ra  in  haem agglutination- 

in h ib it io n  tes ts  a lso  gave a n egative  re su lt . Serum from guinea p ig s  

b led  21 days a f t e r  in ocu la tion  w ith  E 718 acute phase serum when te s te d  

by the in d ire c t  flu o rescen t antiboity technique in  s l id e  p repara tion  o f  

Vero c e l l s  in fec ted  w ith  the is o la te  had a flu o rescen t antibody t i t r e  o f  

1/128. A comparison o f  the in d ire c t  flu o rescen t antibody t i t r e s  o f  

guinea p ig s  immunised aga in st Marburg ( 67 ) and E 718 v irus is o la t e  ( 76) 

was c a r r ied  out at C.D.C. A tlan ta  and at Porton w ith  the fo llo w in g  

re su lt
Porton

Immunising Days a fte r
agent in ocu la tion

I .F .A .  t i t r e s  w ith  
antigens o f

Marburg 67 Is o la te  E 718

Marburg 67 

Is o la t e  E 718

23
21

128

<U

<U

128-256



C.D.C. Atlanta

Immunising
agent

Days a ft e r  
in ocu la tion

I.F .A . t i t r e s  with 
antigens o f

Marburg 67 I s o la te  E 718

Marburg 67 

Is o la te  E 718

12

10

6U0

2
5

25C

Cross P ro te c t io n  studies in  guinea p ig s : The resu lts  o f  the cross 

p ro tec tion  studies are reported  in  Table 6. These show th a t th ere  was 

no cross p ro te c t ion  in  gu inea p igs between Marburg v iru s  and the new 

is o la te  from the Sudan and Za ire . At the tim e o f  cha llenge, these 

guinea p ig s  had flu o rescen t antibody t i t r e s  ranging from 1/128-1/512. 

I t  was concluded that although m orpholog ica lly  the two viruses were 

id e n t ic a l ,  they were a n t ig e n ic a lly  d is t in c t .  With the concurrence o f  

the p r in c ip le  in v e s t ig a to rs  in vo lved , P ro fesso r S.R. Pa ttyn , In s t itu te  

o f  T ro p ica l M edicine, Antwerp, Dr Karl Johnson, C.D.C. A tlan ta , U.S.A. 

and ntyself, the name Ebola v iru s was proposed fo r  the new agent.

Table 6
Cross protection studies of Marburg and Ebola virus strains in guinea

£i£S

Immunising
Challenging Virus

v iru s Marburg
67

Ebola Zaire 
(E 718)

Ebola Sudan 
(Boneface)

Marburg
67 3/3a 0/3 0/3

Ebola Za ire  
(E 718) 0/3 3/3 3/3

Ebola Sudan 
(Boneface) 0/3 3/3 3/3

a) No. o f  guinea p igs  p rotected  
No. o f  guinea p igs challenged



KboI a vi rus in act ivat ion  studies

Ether s e n s i t i v i t y : D ie th y l ether com pletely destroyed the in f e c t i v i t y  

o f  Ebola v iru s  (Tab le  7)-

Table 7

Log lO
G .r .I .U ./ 0 .1  ml

Control suspension 6 .5

A fte r  e th er treatment 0

Thermal in a c t iv a t io n  : Heating at 60°C fo r  1 hour com pletely destroyed  

a l l  in f e c t i v i t y  fo r  guinea p igs in  th ree sep a ra te  experiments.

T issue cu ltu re stud ies : Virus is o la t io n  from  the o r ig in a l serum and 

b lood  specimens was f i r s t  attempted in  p repa ra tion  o f  cu ltu red  Vero 

c e l l s .  A p a r t ia l  cytopath ic  e f f e c t  was seen under low-power m icro­

s cop ica l exam ination. This e f f e c t  d id  not p rogress  to  complete 

destru ction  o f  the c e l l  sheet and was f i r s t  thought to  be a ttr ib u ted  

t o  the t o x ic  nature o f  the specimen in o cu la ted . There was, however, a 

d is t in c t  colour change in  the medium o f  th re e  o f  these cu ltu res . By 

the 6th o r  7th day a f t e r  in ocu la tion  they became n o ticeab ly  more ac id  

compared to  the con tro l cu ltu res . When young guinea p igs  were in ocu la ted  

w ith  these th ree cu ltures a f e b r i le  i l ln e s s  developed a f t e r  U-6 days.

The supernatant f lu id  from one o f  these in fe c te d  cu ltu res  (E 718) was 

used fo r  e le c tro n  microscope stud ies.

Further passage o f  the in fe c ted  t is s u e  cu ltu re was attempted in  

fresh  s ta tion a ry  cu ltures o f  Vero c e l l s ,  BHK 21 c e l ls ,  LLC MK2 c e l ls  

and a primary human l i v e r  c e l l  l in e  w ithout success. There was no 

obvious development o f  cytopathogenic e f f e c t  in  these cu ltu res . When, 

a t various in te rva ls  a f t e r  in fe c t io n , some o f  these c e l l  cu ltures were 

frozen  and thawed and the c e l ls  s tr ipped  from  the surface o f  the f la s k s , 

then inocu la ted  in to  guinea p ig s , in  a l l  cases only the neat, 10 and 

sometimes 10~2 d ilu t io n  o f  the tissu e  cu ltu re  m ateria l produced a 

c h a ra c te r is t ic  fe b r i le  i l ln e s s  in guinea p ig s .
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During the f i r s t  passage o f  the is o la te  in  Vero and BllK 21 c e l l s ,  

a number o f  the c e l ls  were found to  contain pleomorphic basoph ilic  

in tracytop lasm ic  in c lu s ion  bod ies  by the 5th~7th day (F igu re 9 )«

Apart from the presence o f  these inclu sions there was no evidence to  

suggest th a t m u lt ip lic a t io n  o f  Ebola v iru s was tak in g  p lace in  any 

o f  the fou r t is su e  cu ltu re systems examined. This contrasted  w ith  the 

t issu e  cu ltu re passage o f  Marburg v irus where s e r ia l  passage o f  tis su e  

cu lture m a ter ia l resu lted  in  th e  number and s iz e  o f  the inclusion  

in creas in g  w ith  the development o f  a regu la r cy topa th ic  e f f e c t ,

(Z lo tn ik  e t a l . . 1968). S e r ia l  passage o f  Ebola v iru s  tissu e  cu ltu re 

m a ter ia l resu lted  in  the disappearance o f  these in c lu s ion  bod ies . 

Further stud ies using in fe c te d  guinea p ig  and monkey t is su e  as the 

inoculum showed'that when h igh  m u lt ip l ic i t ie s  o f  in fe c t io n  were used, 

(g r e a te r  than one in fe c ted  p a r t ic le  per c e l l )  then a h igh p roportion  

o f  the c e l ls  in  the cu ltu re  contained in tracytop lasm ic  in c lu s ions.

When low m u lt ip l ic i t ie s  o f  in fe c t io n  were used, (approxim ately one 

in fe c te d  p a r t ic le  per 10 c e l l s )  on ly a few c e l ls  were found to  contain  

these in c lu s ion s . The s p e c i f i c i t y  o f  these in c lu s ions was i l lu s t r a te d  

by the in d ir e c t  flu o rescen t antibody technique using s p e c i f ic  Ebola 

guinea p ig  and human a n tis e ra  as fo llow s

a ) Unin fected monolayers trea ted  w ith  s p e c i f ic  Ebola an tise ra  

fo llow ed  by s ta in in g  w ith  the appropriate conjugate showed 

on ly  low le v e l  n o n -sp ec ific  flu orescence.

b )  In fe c ted  monolayers trea ted  w ith  normal guinea p ig  or human 

serum fo llow ed  by s ta in in g  w ith  the appropriate conjugates 

showed no flu orescen ce .

c )  In fe c ted  monolayers trea ted  w ith  d ilu en t (Phosphate b u ffered  

s a lin e ) fo llow ed  by s ta in in g  w ith  conjugates showed no 

flu orescen ce.
-

d) In fe c ted  monolayers trea ted  w ith s p e c i f ic  Ebola an tise ra  

fo llow ed  by s ta in in g  w ith appropriate conjugates showed 

s p e c i f ic  flu orescen ce.









Electron Microscope studies

Tissue cu lture m a te r ia l: The commonest form o f  Ebola v iru s  seen by 

e lec tron  m icroscopy o f  n e g a t iv e ly  s ta ined  preparations o f  v iru s  grown 

in  Vero c e l ls  was as a sinuous c y l in d r ic a l p a r t ic le  ranging from about 

1-11 microns in  length  (mean 3-U m icrons). Almost in v a r ia b ly  the sta in  

penetrated the p a r t ic le  to  r e v e a l a cen tra l core (F igu re 10) approxi­

mately 20 nm in  diam eter. The envelope d isp layed  p ro je c t io n s  about 10 

nm long, so th a t the o v e r a l l  p a r t ic le  diameter was approxim ately 105 nm. 

The presence o f  an a d d it ion a l l ip id  coat e x te r io r  to  the presumably 

lip o p ro te in  envelope (F igu re 19) was shown by the exc lu s ion  o f  negative 

s ta in  and the absence o f  p ro je c t io n s . When a prepared specimen g r id  

was rinsed in  e th e r b e fo re  s ta in in g , the l ip id  was removed and p ro jec ­

t ion s  became v is ib le .  The nature o f  the cen tra l core on ly  became c lea r  

when on a few occasions the h e l ix  contain ing i t  was com plete ly  lo s t  

from the p a r t ic le .  The h e l ix  diameter was 33 nm with an 8-9 nm p itch  

(F igu re l l ) .  When the p a r t ic le  was not penetrated  by s ta in  a capsomere 

la y e r  became apparent (jFigure 12 ). This was not very w e l l  defined but 

the capsomeres appeared to  have a mean diameter o f  10 nm and a suggestion 

o f  a h e l ic a l  arrangement in  parts  o f  some p a r t ic le s .  F igu re  13 shows a 

p a r t ic le  w ith  a p o rtion  o f  the nucleocapsid m issing.

The sinuous p a r t ic le s  o f  Ebola v iru s showed various forms o f  

branching (F igu res  lU and 15 ). What is  b e lie v ed  to  be an in i t i a l  stage 

in  branching is  shown in  F igure 16 . fhe p o s s ib i l i t y  th a t  budding occurs 

is  shown in  F igu re 17 where the end o f  the looped branch is  p a r t ia l ly  

rounded and p a r t ia l ly  in  in te g ra l contact w ith  the main p a r t ic le .

Looped ends to  the p a r t ic le s  were very common. Figure 18 shows the open 

loop where fusion  o f  the end o f  the p a r t ic le  t o  the main shaft has 

occurred and Figure 19 shows a loop  which appears to  have been formed 

by severa l whorls o f  the p a r t ic le  which have u lt im a te ly  fused together. 

O ccasionally the r in g  type structu re o f  F igure 20 which is  330 nm





(penetrated by s ta in ) showing nucleocapsid

Figure 11. Nucleocapaid h e lix
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Fijgure__12. Sinuous p a r t ic le  Cnot penetrated by s ta in ) showing 
capsonere la y e r .

nucleocapsidhaswhich noportionshowingP a r t ic le12Figure
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Guinea P 'f .  v irus  i s o l ation  s t udios

Guinea p igs  inoculate«.! w ith  »cu te  phase b lood  from a ".sure p a t ie n t , 

(A  1*2 yea r o ld  vora.m, ME 718), became f e b r i l e  ( '»0 .5°C *>' v') a f t e r  an 

incubation  p er iod  ranging from I1-7 doyB. The f e b r i l e  i l ln e s s  la s ted

fo r  about 3- 1* days during vh ich time the guinea p igs  fa i l e d  to  th r iv e  

and g en e ra lly  looked i l l .  When h e ra r in is ed  b lood  vas tnken from these 

guinea p ig s  and re -in ocu in ted  in to  fresh  guinea p ig s ,  i t  produced a 

s im ila r  f e b r i l e  i l ln e s s .

During the f i r s t  passage o f  th is  is o la to  in  guinea p ig s  two ol the 

guinea p igs  were k i l l e d  in  the f e b r i l e  p e r io d , one on day 5 and the 

other on day 8, and tissu es  were taken fo r  h ia top a th o lo gy , e lec tron  

microscope examination and v iro - lo g ic a l s tu d ies . O f the remaining ton 

guinea p igs  that developed f e b r i l e  i l ln e s s e s  on ly one d ie d ; the 

remaining nine p ig s  s low ly  recovered  and appeared to  be q u ito  healthy 

w ith in  a p er iod  o f  about th ree  weeks. These guinea p igs were sub­

sequently shown to  have an tibod ies  d e tec tab le  by flu o re s c en t antibody 

t e s t  o f  t i t r e s  ranging from 1/6U-1/128. During the 2nd, 3rd and l*t.h 

passage o f  the a e t io lo g ic  agent in  guineu p igs the incubation  period  

became f a i r l y  regu la r  a t U-6 days w ith  th e  number o f  in fe c te d  guinea 

p igs dying in creas in g  to  a 100*  by the Uth guinea p ig  passage. Tab.los



hyaline degeneration and n ecros is . (F igu res  21-23). In  some o f  

the degenerating c e l l s  sm all pleomorphic eos in op h ilic  bod ies were 

present in  the cytoplasm  which were p e r io d ic  a c id / S ch iff p o s it iv e  

and sta ined b r igh t red  w ith  the M ach iavello  technique but d id  not 

s ta in  m ctachrom atically w ith Giemsa. K up ffer c e l ls  were en larged , 

some sinusoids con ta in ed  lymphocytes, and the p e r ip o r ta l areas 

were h eav ily  i n f i l t r a t e d  by lym phoreticu lar c e l ls .

Spleen and lymph nodes: There was w idespread dep letion  o f  the lymphoid 

t is su e  o f  the f o l l i c l e s ,  which contained small zones o f  n ecros is . 

(F igures 2U-26) .  Large  numbers o f  macrophages were accumulated in 

the sinuses.

Lungs ; Changes in  the lungs were s l ig h t  : lo c a lis e d  th icken ing and 

in f i l t r a t io n  o f  in t e r a lv e o la r  septa by lym phoreti cu lar c e l ls .

O ther organs; No le s io n s  were d etected  in  the b ra in , kidneys o r  adrenal 

glands.

E lec tron  Microscope s tu d ies  o f  guinea p ig s : U ltra th in  sections o f  l i v e r  

ob ta ined  from a guinea p ig  k i l l e d  on the 5th  day post in fe c t io n  showed 

variou s forms o f  Ebola v iru s  p a r t ic le s  (F igu re  27 ). In F igures 28 and 

29 these v irus p a r t ic le s  can be seen a c tu a lly  budding from the c e l l  

membrane.

S e r ia l  passage o f  the Sudan s tra in s  o f  Ebola v irus (Boneface) in  guinea 

p ig s  : S e r ia l passage o f  th e  Za ire  s tra in  o f  Ebola v iru s in  guinea p ig s , 

re su lted  in  the number o f  animals dying in creas in g  w ith  passage so t.ia t 

by the Uth passage o f  the v iru s  in  guinea p igs  a l l  the guinea p igs  

d ied . In  con trast, s e r ia l  passage o f  the Sudan s tra in  o f  Ebola virus 

showed that by the **th gu in ea  p ig  passage, none o f  the guinea p igs  that 

showed evidence o f  in fe c t io n  d ied . (Table l l ) .  By the 6th passage o f  

th e  Sudan virus in  gu inea p igs  , on ly 3 out o f  the 7 guinea p igs that 

became in fe c ted  died. (T a b le  12 ).
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Table 3

Titration of Ebola virns in guinea rigs 
13rd guinea nip: passage;

Rectal tenperatures (UC)

DAY 1 2 3 1* 5 — r ~ 7 a 9 10 11 12 1? 11» 15 I d

i ( 38.5 
•./> 1  /

38.9 39-6 39.6 39-5 to .6 t o . i to .6 39.7 37-3 36.5 DEAD
10 \

( 38.3 38.8 39 38.9 39.3 to .2 to . 7 to . 7 39.3 38.6 39-5 38.7 38.7 38

-  ( 38.8 38.6 38.9 1«0.6 to .9 to . 5 to DEAD
10 1 

( 38.2 38.3 38.5 t o . i to .6 to . 3 to DEAD

,  ( 38.9 39.1 38.9 39-5 39.1 39 39.6 to to . 3 to. 8 39.6 DEAD
10 1

( 38.5 38.8 38.8 39 39 39 39-k 39.7 to. 7 to. 5 39-8 39.2 39.2 38.3 38,7

„ 4  \  33-5 38.9 38.8 38.8 38.9 to to. 2 to .8 to. 2 to. 6 t o . i to .3 39-5 39-2 39-5 39-2
10 l

( 38.9 39 38.7 38.3 39-7 to .2 to. 6 t o . i DEAD

_c ( 39.3 39.1 39.3 39-5 39.1 39 to .6 t o . i to. 6 DEAD
10 v

( 39.2 29.2 28.9 39.2 38.9 38.8 39.1 39.1 39 to. 5 to. 7 to. 2 t o . i 39.1 DEAD

c ( 39.1 ■,«-0 / 39-5 39 39.1 38.7 38.5 39.2 39.1 39.2 38.9 39.3 38.7 39-8 39 38.8 38.5
10 V

( 38.9 39.1 38.8 38.9 38.8 38.5 38.6 39-2 38.9 39.1 39-9 to. 3 to.o to. 2 to .9 to. 5



Table 9

T itration  o f Ebola virus in  guinea pigs 
( l*th guinea pig; passage)

Rectal temperatures ( C ).

DAY 1 2 3 1» 5 “ l — 7 8 Qy 10 11 12 13 11* 15 16

- 1 ( 39 39-5 38.8 39-5 1»0.5 1*0.3 1*0.3 1*1.3 1*0 39-7 1*0.1 39-2 DEAD
10 \

( 39.5 39.8 33.7 1*0 1*1 1*0 DEAD

J  39.1d t
39-T 39.2 39.7 1*0.3 1*0.5 1*0.5

ITSO

DEAD

10 v 
( 39.5 39.1* 38.9 39.8 1»0.5 1*0.5 1*0.1 1*0.5 1*0.2 39-7 1*0.5 1*0.1 38 DEAD

* , (  38.9 39-U 38.6 39 39.1 1»0.2 1*1.3 1*0.8 DEAD
10 \

( 38.9 39.1 38.1» 38.1» 38.1» 1*0 1*0.5 1*0.5 39.1* DEAD

36.9 38.9 38.3 38.1» 38.5 1*0 1*0 DEAD
1C V

( 38.3 39.5 38.5 38.8 39.1 38.3 38.7 1*1.1 1*0.8 1*0 35.6 DEAD

-5 ( 39 39 38.1» 39 38.5 1*0 1*0.5 1*0.5 1*0 37-3 DEAD
10 V ' ' "

( 39-^ 39.7 38.9 39 38.8 1*0.9 1*0.9 1*0.5 39.5 DEAD

A  39.1 
10_6 (----------

38.9 39-5 39.1 39 39-9 1*1.1 1*1.3 39-7 37-6 DEAD

( 39.1 39.5 39.1 39 38-9 39-1 38.9 39-5 39 39 38.9 39.2 39.2 38.9 38.6 38.6



I

Table 10

Log 10 guinea p ip. in fe c t io u s  units/ml (o r cram) o f  tissu e

GUINEA PIG GUINEA PIG
TISSUE KILLED DAY 5 KILLED DAY 6

BLOOD 7 .0 7-0

HEART 5 -0 5.0

LUNG 5 -0 5.0

LIVER 5 -0 7 . 0

SPLEEN 6 .o 7 . 0

ADRENALS U .0 14.0

KIDNEYS 3 -0 3.0

PANCREAS 7 .0

7 '°oMES LYMPH NODES 5 -0 
__ ________________ _— ------------------------------- --------

5 -0







Figure 21 . Guinea p ig  liv e r  showing typ ica l foci of hepatocellu lar

necrosis. Haematoxylin and eosin x 208.

Figure 22 . Focus o f  n ecros is  in  guinea p ig  l i v e r .  Some hepatocytes
contain eo s in o p h ilic  in tracytop lasm ic in c lu s ion  bod ies

(a rrow s ). Haematoxylin and eosin x 325.
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Figure 23. Focus o f  necros is  in  gu inea p ig  l i v e r .  There i s  a c t iv a t io n  

o f  a few K u p ffer c e l l s .  Amorphous e o s in o p h ilic  in c lu s ion  

bodies are present in  a  few hepatic  c e l ls  (a r ro w s ). 

Haematoxylin and ecs ir. x 325.

Necrosis o f  red and w h ite  pulp and dep letion  o f  lymphoid 
elements in  guinea p ig  spleen. Haematoxylin and eosin 

x  82.

riKM r« 2U.

• 
«



» 1

F igu re  23. Focus o f  n ecros is  in  guinea p ig  l i v e r .  There is  a c t iva t io n  

o f  a few K u p ffe r  c e l ls .  Amorphous eo s in o p h ilic  in c lu s ion  

bodies are p resen t in  a few hepatic  c e l ls  (a rrow s ). 

Haematoxylin and ecsir. x 325.

____ , ■ — -  - — -  -------- •— ------- r a -------i
o  e> .•

▼ ”  oo_ .

o  o

0  ^  «  c-

c

F igu re  2h. Necrosis o f  red and w hite pulp and d ep le tion  o f  lymphoid 
elements in  guinea p ig  sp leen . Haematoxylin and eosin  

x 82.

65-



Figure 23. Focus o f  n ecros is  in  guinea p ig  l i v e r .  There is  a c t iv a t io n  

o f  a few K u p ffer c e l l s .  Amorphous e o s in o p h ilic  in c lu s ion  

tod ie s  are presen t in  a few hepatic  c e l ls  (a rro w s ). 

Haematoxylin and ecsir. x 325«

F igure 2h. Necrosis o f  red and white pulp and d ep le t ion  o f  lymphoid 
elements in  guinea p ig  sp leen. Haematoxylin and eosin

x 82.
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F igu re  25.

Figure 2.6.

Guinea p ig  spleen showing loss o f lymphoid tissue.

Haematoxylin and eosin x 208.

Area o f  n ecrosis  o f  sp len ic  white pu lp , occas ion a lly  contains

eo s in o p h ilic  in tracytoplasm ic in clusion  bodies (a r ro w s ).

Haematoxylin and eosin x 325«



Figure 25. Guinea p ig  spleen showing loss o f lymphoid tissue .
Haematoxylin and eosin x 208.

Figure 26. rea o f  n ecros is  o f  sp len ic  white p u lp , o c ca s io n a lly  contains 

o s in op h ilic  in tracytop lasm ic in c lu s ion  to d ie s  (a rrow s ), 

aematoxylin and eosin x 325- 
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Figure 25.

F igure  26.

Guinea p ig  spleen showing loss o f lymphoid tissue.

Haematoxylin and eosin x 208.

Area o f  n ecrosis  o f  sp len ic  white pulp, o cca s ion a lly  contains

eo s in o p h ilic  in tracy top lasm ic  inclu sion  bodies (a rrow s ).

Haematoxylin and eosin  x 325.
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F igu re 28. In fe c te d  guinea p ig  l i v e r  b i l e  c a n a licu li showing virus 

p a r t ic le s  budding from the c e l l  membrane x 33000.

F igu re  29. In fe c te d  guinea p ig  l i v e r  b i l e  c a n a lic u li showing v iru s

68-
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Figure 28. In fe c ted  guinea p ig  l i v e r  b i l e  ca n a licu li shoving virus 

p a r t ic le s  budding from the c e l l  membrane x 33000.

Figure 29. In fe c ted  guinea p ig  l i v e r  b i l e  c a n a licu li shoving v irus 

p a r t ic le s  budding from  the c e l l  membrane x U6000.





Seria l passage o f Ebola virus, Sudan strain (Boneface) 
in guinea rigs 

Rectal teareratures ( C)

Day 1 2 3 ~ ~ H ----- . 5 6 7 8 9 10 11 12 21

Guinea p ig  
Pass 1

39.2 39.0 39.1 39-5 1*0.5 1*0.6 39.8 39-3 39-1 36.7 ND 38.9 Survived

Guinea p ig  a 38.9 39.0 39.0 39.2 39.1* 1*0.0 39.8 1*0 1*0.8 39.1» 39.1 39-2 Survived
Pass 2 b 38.5 38.6 38.9 38.8 39-1 1*0.1 1*0.1* 1*0.6 1*0.6 39.5 38.9 36.9 Survived

Guinea p ig  
Pass 3

39.2 39.1 39-1» 1*0.2 1*0.9 1*0.9 1*0.8 39.5 39-1» 39.0 39.1 39.0 Survived

lO '1 38.8 39-^ 38.1* 39.7 1*0.2 1*0.7 1*0.6 1*1.1 1*0.1 39.8 39.1» 38.8 Survived
39.2 39-7 38.1* 39 39.1» 1*0.1 1*0.1* 1-0.1 1*0.5 1*0.3 1*0.0 39-8 Survived

3
10-2

38.8 39-0 38.7 38.9 38.9 38.9 39.8 1*0.3 1*0.6 1*0.7 39-9 38.9 Survived
0

to 38.6 39.7 38.1* 39.2 39.1» 39.7 1*0.1* 1*0.7 1*0.6 1*0.6 1*0.0 38.9 Survived

0 p.-H■p a i o -3
39.0 39.2 38.9 39 39 38.9 1*0 1*0.6 1*0.6 1*0.6 1*0.8 39.2 Survived

e  v  
u  C 39. 1» 38.9 39-1* 39-5 39-8 39-1* 1*0.7 1*0.8 1*0.6 1*0.8 39-1* 39.2 Survived
•H P  
E-* to

10-“
38.8 38.3 39-7 39-5 38.8 39.2 39 39.1» 39.1» 39.1» 39.5 39 Survived
39 38.9 38.9 39. fc 38.8 38.9 39 39 39.3 38.9 39-7 39-2 Survived



Table 12
Titration  o f Ebola virus. Sudan strain (3oneface) Pass 6 

in guinea pigs 
Rectal tervceratures { C)

Day 1 2 3 1» 5 6 7 8 9 10 11 12 13 l b 15 21

10_1 38.9 39-1» 39.1» 39. 38.9 1*0 . 5 1*0.3 39.1* 38.3 DEAD
39.0 39-6 39.6 1*0.0 1*0.1* 1*0.2 39.1 39.1* 39.1* 39-0 38.8 38.3 38.9 3 9 .3 38.8 Survived

IQ '2 38.9 38.9 38.3 39.1 39-1* 39-0 1*0.5 1*0.5 1*0.3 38.9 38.8 DEAD
39.0 39-3 38.8 1*0.1 1*0.1* 1*0.3 39.6 1*0.1 39.1* 38.9 38.7 38.5 39-0 3 8 .7 38.7 Survived

0
•H

i o " 3
38.9 39.1 39.1 38.9 1*0.1 39.8 1*0.2 1*0.3 1*0.5 1*0.0 1*0 .0 39-1* 1*0.2 3 9 .3 38.8 Survived

3H 38.9 38.8 38.9 39-0 39.1 39.7 39.6 1*0.2 1*0.5 1*0.3 39-5 38.9 39-2 3 8 .7 38." Survived
•H
«

1 0 ~ k
38.6 38.1» 38.3 38.3 38.6 39.0 38.9 39.1 39-2 39.0 38.9 39-1* 38.7 38.3 38.1* Survived
38.9 39.1 39.1 39.1 39.0 39-2 39.1 1*0.2 1*0.5 1*0.5 1*0.3 1*0.7 1*0.1 DEAD

in-5 39.0 39-5 39.2 392. 39.0 39.2 39-0 39.1* 39.2 38.9 39.0 39.1 39.1 38.9 38.3 N .I.
1 0

38.9 39.2 38.9 39.5 38.9 38.6 38.6 38.9 38.9 38.8 38.8 38.8 38.9 38.6 38.5 N .I .

N .I. Not infected



Trnn-'mi nr.ion to monkeys

Although monkeys had n o t been im p lica ted  in  the transm ission o f  

the d isease , i t  was thought important to  in fe c t  monkeys experim en ta lly  

w ith  Ebola virus to  determ ine whether they were su scep tib le  t o  in fe c t io n , 

to  de fin e  the pathogenesis o f  th is  in fe c t io n  and to  determine whether 

th is  would provide a u se fu l experim ental model fo r  eva lu a tin g  methods o f  

therapy fo r  use in  human E bo la  v iru s in fe c t io n s .

Monkeys in fcc tcd  with the Z a ire  s tra in  E 7 lf*% Ebola v iru s 

C lin ic a l observations. F o llo w in g  a short incubation  p er iod  monkeys 

became fe b r i le  on, or abou t, the th ird  day a f t e r  in fe c t io n ,  w ith  

temperatures ranging from 1<0.2-1*0.6°C (Tab le  13 ). The p y rex ia  p e rs is ted  

in  almost a l l  cases u n t i l  th e  term ina l s tage o f  the in fe c t io n  when the 

temperature became subnormal. Hy the fou rth  day the monkeys were q u ie t , 

they were not ea tin g  01* d r in k in g  and norm ally sat huddled in  th e ir  

cages responding very s lo w ly  t o  provocation  (F igu res  30 and 3 l ) .  Maculo- 

papular skin rashes in v o lv in g  the forehead and fa c e ,  th e  m edical aspect 

o f  the fo re  and hind lim bs and the chest developed in  a l l  rhesus monkeys 

between the H h  and 5th day (F igu re  32) fad in g  s l ig h t ly  b e fo re  death 

which occurred between th e  5th and 12th post in ocu la tion  day. The rash 

a lso  tended to  become co n flu en t in  patches mainly above the eyes and 

under the arms. No animals su rvived  the in fe c t io n ,  but n e ith e r o f  the 

two ve rve t monkeys in fe c te d  developed skin rashes. Two o f  the monkeys 

had diarrhoea and a l l  monkeys lo s t  about 10 per cent body w eigh t.

Virus le v e ls  in  the b lo o d . V irus was f i r s t  d etected  in  the b lood  on the 

second day reaching maximum v iru s t i t r e s  o f  105 *^-10 ''/ml on the Uth

and 5th day (Table lU ).

Virus le v e ls  in  the t is s u e s . Virus in fe c t i v i t y  t i t r a t io n s  showed high 

concentrations o f  Ebola v iru s  in  most o f  th e  organs examined (Tab le  15). 

I t  was not possib le  to  determ ine whether some o f  these organs contained 

Ebola virus because o f  th e  high concentration  o f  v iru s p resen t in  the



Tattle 13

Rhesus and Vcrvct monkeys inocul ated i n tra yc r iton eu lly  

with  O.k ml o f  3rd passage guinea t»ift l i v e r  suspension 

R ec ta l temperature (°C )

MONKEY VIRUS1
DOSE

DAY
1

DAY
2

DAY
3

DAY
1*

DAY
5

DAY
6

DAY
7

DAY
8

TOTAL
WEIGHT

LOSS

Rhesus
6

MORI­
BUND

Vt
3.686

kg

U 38.6 38.9 1*0 . 1» 1*0 . 0 3l*. 5 255g

Rhesus
MORI­
BUND

7
Wt

3.629
kg

1» 38.1 38.7 1*0.2 39-8 39.5 3k. 5 3k0g

Rhesus
12
Wt

3.289
kg

3 38.8 38.8 39.6 1*0.6 39.8 39.6 39.8 FOUND
DEAD

396g

Vervet
1

U 38.6 38.9 39-6 1*0.2 39-7

MORI­
BUND 
3k. 5

«
N.D.

V e rv e t
3 k 38.2 38.9 k O .i 1*0.6 39.7

K IL ­
LED
36.1

N.D.

*N.D. Not Done.

l )  Log  10 gu in ea  p ig  in fe c t io u s  u n its .















Figure 32. Rhesus monkey with maculo-papular skin rash. Particu larly  noticeable on the forehead, face 

and medial aspects o f the fore limbs.







Tab ic  lit

Rhesus arid vervet monkeys inoculated intraperitoncally 

with U.>j ml of 3rd passage Ruinca pig liver suspension 
Virus concentration in the blood 

Expressed as Log 10 guinea pig infectious units/inl

MONKEY VIRUS
DOSE

DAY
1

DAY
2

DAY
3

DAY
H

DAY
5

DAY
6

DAY
Y

DAY
8

MORI­
BUND

Rhesus 6 U .0 <0.5 2.5 U.5 5.5 U.5

MORI­
BUND

Rhesus 7 i* .0 <0.5 2.5 U.5 6.5 5.5 5.5

Rhesus 12 3 .0 <0.5 2.5 1» .0 5 .0 5 .0 6.5 6.0 FOUND
DEAD

MORI­
BUND

V ervet 1 U .0 <0.5 2 .0 »*.5 6 .0 6 .0 5-5

KIL­
LED

Vervet 3 U .0 <0.5 1.5 U .0 6.5 6.5 5.5



Table 3 5

Titrer. of Ebola virus in monkey tissues expressed as Lop 10

guinea via. infpptnus u n its/ml or grams o f  t is su e

TISSUE
Rhesus 20 Rhesus 6 
K il le d  K i l le d  

Day U Day 5

Rhesus 7 
K i l le d  

Day 6

Vervet 3 
K i l le d  
Day 6

Rhesus 12 
K i l le d  

Day 8

BLOOD 6.0 5.5 6.5 6.5 6.5

HEART U.5 7.5 5.0 6.0 6.5

LUNGS 7.5 8.0 6.5 6.0 7.5

LIVER 7.5 7-5 7.0 7.0 7-5

SPLEEN 7-5 6.5 8.0 7-5 7.5

ADRENALS 5.0 7.0 7.0 5.0 7-5

KIDNEYS 5.0 6.5 U.O 7-0 5-5
•

TESTES 6.5 6.5 6.0 N.D. N.D.

MES
LYMPH
NODES

5.5 U.5 U.O 6.5 6.5

PANCREAS N.D. N.D. N.D. N.D. 7-5

BILE NEG NEG NEG N.D. NEG

FAECES NEG NEG NEG N.D. N.D.

URINE N.D. NEG 3.5 3.5 N.D.



b lood . However h igh  concentrations o f  v irus w ere con s is ten tly  found in  

the l i v e r ,  spleen and lungs as ea r ly  as the fo u r th  day a f t e r  in fe c t io n . 

Ebola v iru s  appeared a lso  t o  have some a f f in i t y  f o r  k idneys, adrenals, 

t e s t e s ,  lymph nodes and the pancreas. No v irus was found in  b i le  or 

faeces  but low concen trations were found in  u r in e  o f  two out o i th ree 

monkeys tes ted .

Gross necropsy f in d in g s ; No gross les ion s  were observed in  the monkeys 

k i l l e d  on days 2 and U a f t e r  in fe c t io n . In the o ther rhesus monkeys 

dying between the 5th  and 8th day, skin rashes were present to  a va r ia b le  

e x ten t. V is c e ra l petach iae were a lso  present in  a l l  anim als, though 

th e ir  d is tr ib u t io n  was not constant. They occu rred  most frequ en tly  on 

the gums, o ra l mucosa, p leu ra l and cut surfaces o f  the lu n gs , se rosa l 

su rfaces o f  the in t e s t in e ,  caecum and colon, and in  the tu n ica  o f  the 

t e s t e s .  In  some animals th ere  were la rge  haemorrhages in to  the lumen o f  

the in te s t in e  and co lon , w ith  u lcera tion  o f  th e  mucosa. Massive 

haemorrhage had occurred fromthe l e f t  lung in to  the th o ra c ic  ca v ity  o f  

one monkey. There were on ly small quan tities  o f  in gesta  in  the gas tro ­

in te s t in a l  t ra c e . S evera l monkeys had p e r i t o n i t is  w ith w idespread ea r ly  

adhesions, and in  come cases these invo lved  th e  l i v e r  and sp leen . The 

l i v e r  o f  most monkeys was p a le , m ottled and f r i a b l e .  M esenteric lymph 

nodes were in va r ia b ly  en larged  and haem orrhagic, and the ingu ina l and 

c e r v ic a l  nodes o f  some animals were s im ila r ly  a f fe c te d .

H istopathology

Lesions were not found in  the tissues o f  th e  monkey k i l l e d  2 days 

a f t e r  in fe c t io n .

L iv e r :  Lesions were present in  a l l  monkeys b u t were much more severe

and w idespread in  those given the h ig h e r  dose o f  virus (10 

GPIU). They consisted  o f  numerous sm a ll fo c i  o f  necrosis o f  

h epatic  c e l ls  randomly d is tr ibu ted  in  the lob u les . (F igu re 

33). In  two rhesus monkeys given lO GPIU and one v e rv e !
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there were also areas of coagulation necrosis up to 0.8 ram in 

diameter and iia 01 diagi onto the- capsular surface. In a typical 

focus several hepatocytes wore in various stages of degeneration 

and a number contained single or multiple intracytoplasmic 

eosinophilic inclusion bodies (Figures 3̂  and 35). The inclu­

sions were extremely variable in shape, some were spherical, 

others rod—like or composed o f large granular, amorphous masses. 

Their size ranged from 5-25 pm. In the early stages of ce llu lar  

damage the nucleus was not affected, but later nuclei were 

enlarged and pale and the cytoplasm was f il le d  with granular 

eosinophilic inclusion material. The inclusion bodies stained 

a blight cherry-red in sections treated by the Machiavello method. 

Kupffer ce lls  were enlarged ana activated in many areas of damage 

and often contained cellu lar debris. Mitotic figures were 

observed in some hepatoeytes and occasional- multinucleate 

cells were seen. There was l i t t le  in filtration  of the lobule 

by leucocytes, and lymphoretioular in filtration  o f portal triads 

was sligh t or absent. In several of the more severely affected 

livers thrombosis and fibrin  deposition had occurred in some 

central and portal veins.

: Fibrin thrombi were present in the capillaries of a small number 

of glomeruli but the lesions predominantly involved tubles and 

larger blood vessels. There was intense congestion accompanied 

by small inter-tubular haemorrhages and occasionally fibrin  

deposition in the blood vessels of the cortex and outer medulla 

in most animals. Tubular necrosis with nuclear pyknosis and 

fragmentation of basement membranes was also present. This 

lesion affected loops of Henle and had on irregular focal 

distribution. Inclusion bodies could not be demonstrated. In 

collecting tubules and ducts there were commonly amorphous 

deposits, fibrin  casts and plugs of ce llu lar debris. Cellular
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F igure 35 . T yp ica l a rea  o f  l i v e r  damage in  v e rv e t  monkey 6 days a f t e r  

in fe c t io n .  There are in tracytop lasm ic  in c lu s ion  bodies in  

a number o f  h ep a tic  c e l ls  (Haem atoxylin and e o s in ) x 500.
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i n f i l t r a t i o n : ;  v e re  absent.

Lungs: The degree o f  involvement of the lungs in d ifferent animals

varied considerably. In some lungs there vere only small 

isolated foci of necrosis of septu and intru-alveolar oedema 

formation, but in others there was widespread collapse and 

necrosis of inter-a lveolar septa, oedema formation, fibrin  

deposition and haemorrhage into alveoli (Figure 36).

Inclusion bodies were found in the cytoplasm of some alveolar 

ep ith e lia l cells in areas of damage. The epithelium of 

bronchi and bronchioli remained unaffected in a l l  cases, the 

lesion apparently occurring at the alveolar and vascular 

level. Lesions of the type associated with infestation by 

the lung mite Pneumonyssus imocola were minimal and were 

readily distinguishable from the changes produced by the virus 

infection.

There was thrombosis atid fib rin  deposition in pulmonary venules 

in many lungs (Figure 37) and sim ilar changes were also 

occasionally present in small branches of the pulmonary artery. 

There was no detectable damage to the walls of affected blood 

vessels.

Spleen: Necrosis o f lymphoid tissue of the Malpighian coi-pusclcs was

present to some degree in a l l  monkeys (Figure 38) and was 

accompanied by depletion of lymphocytes in most fo llic le s  and 

by congestion of the red pulp. In the most severely affected 

animals Malpighian corpuscles contained aggregates of 

eosinophilic amorphous material and there was also necrosis 

of the ce lls  and connective tissue of the red pulp (Figure 39)*

Lymph nodes: Generalised depletion of lymphoid tissue was evident and

there was focal necrosis of many lymphoid fo ll ic le s . Nodes 

most severely involved, such as the mesenteric, contained large 

areas o f coagulation necrosis of cortical tissue and frequently
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F igure 3T. Lung o f  rhesus monkey 6 days a f t e r  in fe c t io n .  A f ib r in  

thrombus occludes a venu le (Phosphotungstic a c id  

haem atoxy lin ) x 2 15 .
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Figure 39 • Spleen o f  rhesus monkey 6 days a f t e r  in fe c t io n  showing 

n ecros is  o f  the c en tra l wh ite pulp t is su e  and the 

surrounding red pu lp (Haem atoxylin and eos in ) x  85.



also had haemorrhage into the subcapcular and medullary sinueea.

' n  the longest surviving nonkey-, which lived  until the 12th day 

after infection, many nodes exhibited sinus histiocytosis in 

addition to cortico.1 necrosis.

-r--'1--a1 glands : A consi stent finding was intense congestion of the

blood vessels of the cortex and medulla, with small haemorrhages, 

predominantly in the zona fasciculate. There was no damage to the 

parenchyma and no ce llu lar in filt ra t io n  o f  the glands.

Gastrointestinal trac t: Lesions were not found in the stomach.

Congestion and small haemorrhages from mucosal and submucosal blood 

vessels were present in the ileum and large intestine in a ll  the 

animals. Necrosis of the surface epithelium, crypt tissue and 

lamina propia with ulceration occurred in five out o f eight monkeys. 

VThere there was necrosis o f the mucosa i t  frequently extended into 

the underlying Peyer's patches. V i l l i  in affected regions were 

shrunken and irregu lar in shape.

Testes : Five o f the eight monkeys were males. Of these 3 had testes 

which h isto logically  were sexually mature and the gonads of the 

remaining two were immature. There were no lesions in the testes 

of the monkeys k illed  2 and U days after infection. In the fu lly  

established disease from the 5th day three animals (2 sexually 

mature, 1 sexually immature) had testicu lar lesions. These con­

sisted of intense congestion and thrombosis of blood vessels of the 

tunica albuginea (Figure 1*0), small haemorrhages between seminiferous 

tubules, and ce llu lar exudation, oedema and necrosis in the visceral 

layer o f the tunica vaginalis and in the tunica albuginea. In 

addition the testes of the two sexually mature monkeys also showed 

focal necrosis of groups of seminiferous tubules.

S k in : M icroscop ica l exam ination o f  th e  rashes showed congested c a p i l la r ie s

and veins in  the ferm is and sm a ll haemorrhages. Separation  and 

desquamation o f  s u p e r f ic ia l  la y e r s  o f  the epiderm is from the basal



F igu re  ho. Testes  o f  rhesus monkey 6th  day. Blood v esse ls  o f  the 

tu n ica  a lbuginea are occluded by thrombi ( Haematoxylin 

and e o s in ) x 85.



lo y e r  occurred in  some areas. There vas no c e l lu la r  inflammatory 

response.

Myocardium: Small haemorrhages were present between f ib r e s  in  the

v e n t r ic le s  o f  most monkeys. Occasional m yocardial f ib r e s  showed 

h ya lin e  degeneration  in  U animals. C e llu la r  in f i l t r a t io n s  were 

absent.

Other t is s u e s : Ko changes were found in  the tongue, tra ch ea , b ladder, 

pancreas, s a liv a ry  glands o r  s k e le ta l muscle.

E le ctron M icroscope s tu d ies  o f  monkey t is s u e : U ltra th in  section s  o f

l i v e r ,  lung and sp leen  ob ta ined  from a rhesus monkey on the 6t'n 

day post in fe c t io n  showed la r g e  numbers o f  various forms o f  

Ebola v iru s  p a r t ic le s .  The w orst a f fe c te d  was th e  sp leen  where 

few c e l ls  remained recogn isab le  and where rounded and e longated  

forms o f  the v iru s  were f a i r l y  common (F igu re  U l ) .  The lung a lso  

contained la rg e  numbers o f  th ese various p a r t ic le s  usually  in  

a sso c ia t ion  w ith  recen t f ib r o s is  (F igu re  U2). The l i v e r  apparently 

contained few er v iru s  p a r t ic le s  than the sp leen  and s t i l l  possessed 

areas o f  recogn isab le  hépatocytes (F igu res  U3 and UU).
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Figure 41. Electron micrograph o f monkey spleen showing round and

elongated forms o f the Ebola virus x 32,000.

Figure U2. E lec tron  m icrograph o f  monkey lung showing various forms 

o f Kbola v iru s  x 20,000.
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o f  monkey l i v e r  again  showing 

Ebola v iru s  x 12,600.

Figures b3 and E le c tro n  micrographs

th e  various forms o f



Monkey» in fe c te d  v i t a  the Sudan strain of Kholu virus (Ron., face)

Mies us monkey (Kh )| 3 )

Clinical ob se rva tion s  : The C lilliC ft l course o f  the d isease in  monkeys 

vh ich  were in fe c te d  w ith  the Sudan s t ra in  Bone face  fo llow ed  a s im ila r  

p a tte rn . Monkeys developed high fe v e r ,  w eight lo s s , anorex ia , 

haemorrhages and a d is t in c t iv e  skin rash. However, although the course 

o f  the in fe c t io n  w ith  the Sudan s tra in  o f  Ebola v irus appeared t o  he 

ju s t  as s e v e r e , the monkeys su rv ived  the in fe c t io n . F igure h5 shows 

g ra p h ic a lly  th e  response o f  a rhesus monkey (Rh *»3) to  the in fe c t io n .

The monkey became f e b r i l e  on the th ir d  day w ith  a temperature o f  39.5°C.

The p y re x ia  reached a peak o f  1)0.6°C on days 7 and 8 and p e rs is ted  u n t i l  

day lit when i t  dropped to  38.6°C. The temperatures spiked again on day 

16 t o  39. 5°C ,  retu rn ing to  normal on day 18 and remained normal th e r e a fte r .  

Virus l e v el r; i n the b lo o d : The v iru s  was f i r s t  detected  in  the b lood

on the l)th day reaching maximum v iru s  t i t r e o  o f  10^'^ G .P .I.U ./m l on day 

6 . Th is h igh  le v e l  o f  v iru s  in  the b lood  was maintained on days 7» 8 

and 9 , dropping to  103-5 G .P .I.U ./m l on day 10. The le v e l  o f  v iru s  on 

day 12 was 10^"^ G .P .I.U ./m l but fu r th e r  specimens o f  b lood  c o l le c te d  on 

days lU , 1 6 , 18 and 21 were a l l  n ega tiv e .

F lu orescen t antibody le v e ls  in  the b lo o d : F luorescent antibody was f i r s t  

d e tec ted  in  the b lood  a t a t i t r e  o f  1 /U on days 8 and 9 , th is  in creased  

to  1/8 on day 10 and to  l / l 6 on day 12. The antibody le v e l  then gradu a lly  

increased  t o  1/1021» on day 21 and remained a t th is  le v e l  up to  day 32.

Rhesus monkey (Rh I I )

A second rhesus monkey (Rh 11) was in fe c te d  w ith the Sudan s tra in  

Boneface. When th is  monkey became f e b r i l e ,  (1»0 C) on day 3, 20 ml o f  

human conva lescen t plasma w ith  a flu o rescen t antibody t i t r e  o f  1/256 

was in fu sed  in travenously  over a p e r iod  o f  3-1» minutes. I i gure •»6 shows 

g ra p h ic a lly  the response o f  th is  rhesus monkey to  the in fe c t io n  fo llo w in g  

the in fu s io n  o f  the convalescent plasma.

C lin ic a l  obnerva tions; The temperature continued r is in g  t o  1)0.6°C on
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Figure—j*j>. Rhesus monkey ^3. R ec ta l tem perature, v irus and

antibody le v e ls  in  th e  blood.

I
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duys 'i and 5j then dropped to  U o .l°C  on day 6. The tem perature rose to  

i t s  peak, on day V (.Uo. 0°C) then g rad u a lly  dropped to  normal by day 11. 

Vi.ru/ 1c\o1b in t >ie b lo o d : V iru s  was f i r s t  d etec ted  in  th e  b lood  on 

day 3 ClO2 ,5  G .P .I .U ./ m l), reach in g  maximum 'virus t i t r e  o f  10 '

G .P .I.U ./ m l on day 6. The v iru s  l e v e l  g rad u a lly  dropped t o  lO“""^ 

G .P .I.U ./ m l by day 8 and remained at th is  l e v e l  through days 9 and 10.

No v iru s  was d etected  in the b lo o d  from day IP  onwards.

31upresoent  antibody l e ve l  in  th e  b lo o d : Fo llow in g  the in fu s ion  o f  20

ml o f  conva lescen t plasma on day 3, antibody le v e ls  o f  1/8 were recorded 

in  the monkeys b lood  on days U and 5» th is  dropped to  le s s  than 1/U on 

day 7. On day 8 antibody was aga in  d e tec ted  a t a d ilu t io n  o f  1/U, th is  

in c rea sed  to  l/ l6  on day 12 then gradu a lly  in creased  to  a flu o rescen t 

antibody t i t r e  o f  1/102U by day U5 .

lie- ch a l l enged: Rhesus monkey (Rh l l )  was la t e r  cha llenged  in tra p e r i-  

t  on ca l l y  w ith  10*' G .P .I.U . o f  E bo la  v iru s  (Sudan s t ra in , Bonefaee) on 

day 56. A t the tim e o f  ch a llen ge  the monkey had a flu o re s c en t antibody 

le v e l  o f  1/102U. The monkey d id  not develop  a fe v e r ,  n e ith e r  was there 

any v iru s  d etected  in  the b lood  between deys 1 -8 . This monkey was again 

re -ch a llen g ed  01. day 81, th is  tim e w ith  10** G .P .I.U . o f  E bola  virus 

(Z a ire  s t r a in ,  E 7 l8 ).  The f lu o re s c e n t  antibody le v e l  b e fo re  challenge 

was > 1/102U and the outcome o f  th is  ch a llen ge  is  shown in  Table l 6 . 

C lin i c a l O bserva tions: The monkey became f e b r i l e  on day U w ith  the 

tem perature r is in g  to  a peak o f  Uo.7 ( C) on day 5 then g rad u a lly  

dropping to  normal on day 8 . During th is  tim e the monkey was o f f  i t s  

food and w ater from days U-6  in c lu s iv e .  No rash developed.

V irus l e v e ls  in  the b lo o d : E bo la  v iru s  was detec ted  in  th e  blood at a 

l e v e l  o f  (101 G .P .I .U ./ml) on days 5, 6 and 7.
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Table l6

R ec ta l  temperature (°C ) and Log; 10 v iru s concen tration  in  the b lood  

f o l lo v in g  c h a llenge

Pays 1 2 3 U 5 6 7 8 9

Temp °C 3 9 -3 39 .2 3 9 .6 >40.3 no. 7 no. 3 3 9 .8 38 .9 3 9 .3

V iru s
l e v e l  in <0 .5 <0 .5 < 0 .5 <0.5 1.0 1.0 1.0 <0.5 <0.5
the
b lo o d
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’I " ■ off-- f t  of in te r fe ron  on experimental Ebola v irus  in fec t ion  in Rhesus

roonk eyr.

Cj : i cs l obs e r va t io n s : There were no marked d iffe re n c e s  in  the c l in ic a l 

course o f  in fe c t io n  between the monkeys trea ted  w ith  in te r fe ro n  and the 

c o n tro ls . Yet an impression was obtained th a t in  the in te r fe ro n - tr e a te d  

group th e  in trodu ction  o f  measures to  combat dissem inated in travascu la r 

coagu la tion , such as an ticoagu lant therapy and replacement o f  p la te le ts  

and coagu lation  fa c to rs  and f lu id  replacement may have prolonged su rv iv a l. 

Tnt monkeys became f e b r i le  on or about the th ir d  day a f t e r  in fe c t io n  and 

the p y re x ia  p e rs is te d  u n t il death. Maculo-papular skin rashes w ith 

petech i ae developed in  a l l  the animals on the 4̂th  or 5th day and remained 

u n til death , although in  3 o f  the monkeys t r e a te d  w ith  in te r fe ro n  the rash 

was fa d in g  by the 6th or 7th day. The time o f  death o f  the monkeys in  the 

d i f f e r e n t  groups is  shown in  Table 17, and i t  i s  noted th a t su rv iva l may 

have been somewhat prolonged in  3 o f  the animals trea ted  w ith  in te r fe ro n .

Table 17. Day on which death occurred

DAY CONTROLS
-2 DAYS

INTERFERON

+1 HR +3 DAYS

5 +

6 ♦ +

7 + ++

8 + +

9 4*

Virac.mi a ; The t i t r e  o f  Ebola v iru s in  the b lo od  samples c o lle c te d  d a ily  

from each monkey was ca lcu la ted  by p a ra lle l  t i t r a t i o n  in  guinea p ig s .

The t i t r e s  are shown in  Table 18. Viraemia was not d etected  on the 

second day a f t e r  in fe c t io n  in  3 out o f  1* monkeys trea ted  w ith  in te r fe ro n , 

whereas v iraem ia was ev id en t in  the 3 con tro l monkeys arid in  the 2 

monkeys trea ted  w ith  in te r fe ro n  3 days a f t e r  in fe c t io n .

Findings f t  autopsy. P e te ch ia l and maculo-papular skin rashes o f  

v a r ia b le  s e v e r ity  were presen t in vo lv in g  the forehead , fa c e  and cheeks
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Table 18. Titre of Ebola virus in blood (Log 10/ml)

TIME IN DAYS AFTER INOCULATION
RHESUS MONKEYS

2 3 1* 5 6 7 3

CONTROLS <0.5 2.5 U.5 5-5 U.5 -

<0.5 2.5 k.5 6.5 5-5 5-5

LT\

oV 2.5 u.o 5.0 5.0 6.5

<0.5 <0.5 3.5 5.5 5.5 6.5 6.5
-2 DAYS

<0.5 <0.5 1.5 5.5 6.5 7.5 -

<0.5 <0.5 1.5 3.5 2.5 3.5 6.5 6.5
INTERFERON +1 HR

<0.5 2.5 3.5 6.5 2.5 3.5 5-5 -

<0.5 2.5 U.0 2.5 6.5 6.5
+3 DAYS

<0.5 1.5 5.0 6.5 6.0 6.5



the m edial aspects o f  the lim bs and the chest. V is c e ra l petech ine were 

p resen t in  a l l  the animals. P e r i t o n it is  was ev iden t in  most monkeys 

and in t e s t in a l  hnemorrtiager and mucoc.nl u lc e ra t ion  were found in  many 

o f  the animals. The m esen teric  lymph nodes were en larged  and haemorrhagic. 

The l i v e r  was p a le  and m o ttled . Pctech ine and sm all haemorrhages were 

found on the p leu ra l and cut surface o f  the lungs. Congestion and 

imflammatory changes were found in  the tun ica  v a g in a lis  and tun ica  

a lbuginea  o f  the te s te s .

There were no d if fe r e n c e s  in  the gross p a th o lo g ic a l fin d in gs  between 

the t r e a te d  and untreated an im als, n e ith e r  were th ere  any con s is ten t 

d if fe r e n c e s  in  the nature o r  s e v e r ity  o f  the le s io n s  between the monkeys 

tre a te d  w ith  in te r fe ro n  and the untreated animals.

Vir.:. le v e ls  in the tissu es

The d is tr ib u t io n  o f  v iru s  in  the t issu es  o f  two o f  the monkeys are 

shown ir. Table 19. These v iru s  le v e ls  compared w ith  those o f  the 

untreated  monkeys (Table 15) are g en e ra lly  low er, p a r t ic u la r ly  the v iru s 

le v e ls  in  the sp leen .

' '
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Tabic Ip

'P itres o f  Kboln v iru s  in  the t issu es  o f monkeys which have

been sub jected  to treatm ent w ith  in te r fe ro n . Expressed as

Lor: 10 guinea pir> in fe c t io u s  units/m l or r.rams o f  t is su e .

Tissue Rhesus
( 2 )Rhesus 5 '

Died Day 6 Died Day 8

BLOOD 6.5 5.5

HEART’ 3.5 U-5

LUNGS 5.5 5-5

I,TVER 6.5 6.5

SPLEEN 3.5 i».5

ADRENALS !*.5 U. 5

KIDNEYS 3.5 1.5

TESTES 5-5 5.5

MES LYMPH q c It. 5
NODES

FAECES NEG NEG

BILE NEG NEG

l i  Monkey rece ived  in te r fe ro n  2 days b e fo re  in fe c t io n  

and the treatm ent was continued d a ily  th e rea fte r .

2) Monkey was inocu la ted  w ith  the v iru s  suspension and 

in te r fe ro n  adm inistered 1 hour la t e r  and d a ily

th e re a fte r .



Vj rol ogical and serological studies on a human cn::c of Ebola virus

i n f e e l ion

The f i r s t  specimen o f  b lood  c o l le c t e d  oil the l l t l i  November, 1 h hours 

a f t e r  th e  p a t ien t  became fe v e r is h  was examined by e le c tro n  microscopy 

and v iru s  p a r t ic le s  were seen which looked  su sp ic iou s ly  l i k e  those o f  

Ebola v i r u s . Guinea p igs  which had been in ocu la ted  w ith  th is  b lood  

specimen developed a f e b r i le  i l ln e s s  and e le c tro n  m icroscope examinations 

o f  t h e i r  b lood  and tissu es  c o l le c t e d  on the f i f t h  and s ix th  day post 

in ocu la tion  showed p a r t ic le s  which were again m orp h o lo g ica lly  in d is tin gu ish ­

able from  those o f  Ebola v iru s .

S tud ies on b lood  c o lle c te d  du rin g  the acute-phase o f  the i l ln e s s
. , U. 5

showed th a t the h ighest le v e ls  o f  v iru s  in  th e  b lood  110 guinea p ig  

in fe c t io u s  units/m l) were recorded on the f i r s t  and second days o f  the 

i l ln e s s .  Fo llow ing  treatm ent w ith  in te r fe r o n  and con va lescen t serum the 

l e v e l  dropped to  10° '^  guinea p ig  in fe c t io u s  units/m l and remained at th is  

le v e l  u n t i l  the viraem ia was u n detectab le  on th e  n in th  day from onset o f  

i l ln e s s  (Tab le  2 0 ). No v iru s  was is o la t e d  from  th ro a t swabs, faeces 

and u rin e  c o l le c te d  between days lH  and 27. Ebola v iru s  w’a s , however, 

is o la te d  from specimens o f  sem inal f lu id  c o l le c te d  on days 39 and 6l .

Samples o f  seminal f lu id  c o l le c te d  on days 76, 92, HO  and 128, and two 

fu rth e r  specimens c o lle c te d  at th re e  monthly in te r v a ls  th e r e a ft e r  were 

n ega tiv e .

F o llow in g  the in fu s ion  o f  U50 ml o f  conva lescen t plasma (f lu o re s c en t 

antibody t i t r e  o f  1 /128- 1 /256) on th e  second day o f  i l ln e s s  antibody 

le v e ls  o f  l / l 6 were recorded in  th e  p a t ie n t1 s b lood  from days th ree  to  

n ine. Th is increased to  1/32 on day 10 and g rad u a lly  in creased  to  a 

flu o rescen t antibody t i t r e  o f  1/128 by day 31». The p a t ie n t  was then 

su b jected  to  placmaphoresis between l 6th and 25th February, 19 ( !•  A 

t o t a l  o f  seven units o f  plasma was taken which re su lted  in  the 

flu o rescen t antibody le v e l  dropping from 1/128 to  1/32. A specimen o f  

b lood c o l le c te d  on 5th May 1977 had a flu o rescen t antibody t i t r e  o f
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Table 20

Day o f  sample 
and t e s t  from 

on se t o f  
i l ln e s s

Actd v i t y  o f 
c ir c u la t in g  
antibody as 
F.A. t i t r c

Recovery o f in fe c t iv e  v irus 
as guinea p ig  I .P .  in fe c t iv e  

un its per ml or gram o f  
sample t e s te d

P o s it iv e Negative

1 -
1*. c_>

Blood, 10 p

2 1/2
1*. 5

Blood, 10 *p

3 l / l 6 0 . cjBlood, 10 p

1» l / l 6 Blood, 10° ' 5

5 l / l 6 Blood, 10° ' 5

6 l / l 6 Blood, 10° ' 5

7 1/16 Blood, 10° ' 5

8 1/8 Blood, 10° ’ 5

9 1/16 Blood

10 , 1 1 , 12 , 13 1/32 B lood

l l i ,  1 6 , 20 1 /6U B lood , Faeces, 
U rine and Throat 
Swab

23, 27 Not done B lood , Faeces, 
U rine and Throat 
Swab

31» 1/128 Blood

39 N o t done Seminal F lu id

io 0 - 5

61 1/128 Seminal F lu id  

10°*5

B lood , Urine

76 1/128 B lood , Urine, 
Seminal F lu id

92, 1 1 0 , 128 , 2 19 , 
310

Not done U rin e , Seminal 
F lu id
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1 / 1 6  w h ile  a specimen c o l le c te d  on the 9th November, almost one year from 

the onset o f  i l ln e s s  had a flu o rescen t antibody t i t r e  o f  1/8.

Epidoirno l ogi ca l studies  on th e  Sudanese outbreak

Vi run is o l a t io n s : B lood, th ro a t swabs and urine were ob ta in ed  from 29

suspected cases o f  the d isease  in the M aridi is o la t io n  wards. Three 

s tra in s  o f  Ebola v iru s were is o la te d  in  guinea p ig s ,  a l l  from acute-phase 

blood from th ree  p a tien ts  -  one from a 12 y e a r -o ld  s c h o o lg ir l  (M alia  

Boneface) who d ied  th ree days la t e r ,  another from an 18 y e a r -o ld  male 

student (Moh'd Jeopard) who la t e r  recovered  and the th ird  was from a 

25 y e a r -o ld  male (P h il ip  N im aya).

S ero logy : One hundred and fo u r  su rv iv in g  M arid i p a tien ts  were id e n t i f ie d .  

A l l  o f  them had been diagnosed as s u ffe r in g  from Ebola f e v e r  on c l in ic a l  

grounds alone. 35 o f  these p a tien ts  were members o f  M arid i h o sp ita l 

s t a f f  and the remaining 69 p a tien ts  were M aridi r e s id e n ts , some o f  whom 

were r e la t iv e s  o f  h o sp ita l s t a f f .  30 o f  the 35 su rv iv in g  h o sp ita l s t a f f  

were b led  fo r  s e r o lo g ic a l s tu d ies . 25 o f  them (83$) had d e tec tab le  IF  

an tib od ies . Only l 8 o f  the 69 p a tien ts  who were not h o s p ita l s t a f f  were 

w i l l in g  to  be b led . IT  o f  these p a tien ts  had d e tec tab le  an tib od ies . 

A lto g e th e r  1*2 o f  the 1)8 p a t ie n ts  diagnosed c l in i c a l l y  as having been 

in fe c te d  and who were b led  had an tibod ies aga inst Ebola v iru s  (Tab le ¿1 ).

Among the probable and p oss ib le  case contacts h o s p ita l s t a f f  were 

considered to  be among th ose  most a t r is k .  159 members o f  the s t a f f  had 

g iven  no h is to ry  o f  severe f e b r i l e  i l ln e s s  during the ep idem ic. Sera from 

6U o f  these s t a f f  members were te s ted  fo r  Ebola v iru s  a n tib od ies . The 

re su lts  are shown in  Table 22. Seven s t a f f  members, in c lu d in g  fou r nurses, 

a c lea n er , a t o i l e t  c lean er and a w ater c a r r ie r  had evidence o f  in fe c t io n . 

None o f  the th ree  doctors a ttend ing  s ick  p a tien ts  had a n tib od ies .

One hundred and two members o f  the Maridi popu la tion  who had been in 

con tact w ith known cases o f  in fe c t io n  were te s ted . The m a jo r ity  o f  them 

were c lose  fam ily  contacts and s eve ra l had helped to  nurse s ick  r e la t iv e s  

during th e ir  i l ln e s s e s .  22 case contacts had demonstrable an tibod ies
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Table P1

R ésu lte o f  IFA te s ts  on 

convai es cent -patients' s e ra

H osp ita l S ta f f

Number o f Number Number
su rvivors tes ted p o s it iv e

M edical A ss is tan t 1 1 1

Nurses and midwives 9 8 7

Student nurses 17 lU 11

Cleaners U 3

M iscellaneous s t a f f _U 3 _3

35 30 25

Non-hospita l S ta f f

69 18 17
— — —

O vera ll t o t a l lOU U8 U2

i

I
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Table 22

E ecu lts o f  1FA te s ts  on sera  from

M arid i H osp ita l s t a f f contacts

Number Number
b led p o s it iv e

Doctors 3 0
Nursing s t a f f
(in c lu d in g  tu to rs , m idw ives, th ea tre  
s t a f f )

35 U

D rivers 5 0

Cleaners 11 1
T o i le t  c leaner 1 1
Water c a r r ie r 1 1
Laboratory a ss is tan t 1 0
Messengers 3 0
Gardener s/carpente rs U 0

T o ta ls 6U 7
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(T ab le  2 3 ). C lose qu estion in g  revea led  that n ine o f  these c lose  contacts 

lunl some evidence o f  f e b r i l e  i l ln e s s  w ithout m an ifes tin g  severe d isease .

29 members o f  a M arid i schoo l were te s te d  as a co n tro l group. None o f  

them was thought to  have had any con tact with a known or suspected case 

o f  Ebola v iru s  d isease . However, th ree  schoolboys had an tibod ies .

None o f  them had any h is to r y  o f  recen t i l ln e s s .

In  Nzara 37 su rv iv in g  p a tien ts  diagnosed c l in i c a l l y  as having had 

Ebola  f e v e r  were id e n t i f i e d  and 31 o f  them were b le d  fo r  antibody s tu d ies . 

Only s ix  (.19%) had demonstrable an tibod ies  and none had antibody le v e ls  

g r e a te r  than 1:32 (Tab le  2k ) .  Among c lose  fa m ily  con tacts, on ly one 

person out o f  the 78 who were te s te d  had d e te c ta b le  antibod ies although 

f i v e  o f  these  con tacts had an antibody t i t r e  o f  1 :U which was not 

accepted  os p o s i t iv e .  Sera  from 109 cotton fa c t o iy  workers were te s ted  

(T ab le  2 S ). Seven members o f  the s t a f f  had an tib od ies  w ith  the la rg e s t  

number, th re e , in  the c lo th  room and adjacent s to r e .  Three workers in  

the weaving se c tion  had an tib od ies  w h ile  on ly one member o f  the 28 

sp inn ing s e c t io n  s t a f f  who were b led  was p o s i t iv e .  Antibody le v e ls  ranged 

from  l : l 6 to  1 : 6U and none o f  the seven workers gave a h is to ry  o f  any 

recen t i l ln e s s .

V ir;is  is o  1 ation s  from arthropods and sm all mammal tissu es

B lood and t is su es  from 53 r a t s ,  39 bats and 33 pools o f  arthropods 

(m osquitoes and t ic k s )  were in ocu la ted  in to  gu inea p igs fo r  Ebola v irus 

is o la t io n  attem pts. No v iru ses  were is o la te d .
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Table 23

Results o f  TFA tests. on corn from 

members o f  the Maridi popu lation

Number Number
b led p o s i t iv e

Case contacts 102 22

No known contact 29 3
— —

131 25

Table 2 h

Resu lts o f  IRA te s ts  on sera  from Nzara 

convalescent p a tien ts  and fam ily  contacts

Number
Number o f  su rvivors 

37

Numb e r
-positive

Number o f  contacts b led 78
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Moiiy o f  Uie c lin im - . fea tu res  d isp la yed  in  the in fe c t io u s  caused 

L,v Lass a, Marburg nr.d ’ L o la  v iru ses  a re  remark cd ly  s im ila r  p a r t ic u la r ly  

in the e a r ly  stages o f  the d iseases which they cause. Fever, p ros tra tion  

vom itin g , chest pa ins, e p ig a s t r ic  p a in , rash and sometimes haemorrhages 

are common to  a l l  th ree , but the onset o f  Lassa fe v e r  is  g en era lly  

in s id iou s  (Martens e t  a l . . 1973; Troup e t_a l_ ., 1970 and Frame e t  a l . , 

1970) w h ils t  Marburg and Ebola fe ve rs  have a very sudden onset. 

P h a ryn g it is  is  u very common fea tu re  in  Lassa fe v e r  accompanied by 

pronounced c o n ju n c t iv it is  and p e r io r b i t a l  oedema. Although con juncti­

v i t i s  and ph aryn g itis  ha.ve been rep o rted  w ith Marburg and Ebola fevers  

they are not such a regu la r  fea tu re .

Marburg and Ebola v iru s  in fe c t io n s  produce very  s im ila r  fea tu res .

The incubation periods have leen  v a r ia b le .  M artin i e t  a l . . 19 6 8 ;

M a rtin i, 1969 and S t i l l e  c t  a l . . 1968  reported  incubation  periods 

ranging from 3-9 day3 in  the Marburg and Frankfurt outbreaks in  West 

Germany in  1967, w h ile  the period  o f  incubation  during the 1975 South 

A fr ica n  in c id en t was 7-8 days, (Gear e t  al . « 1975). In  the much la rg e r  

Ebola v iru s  epidemic that took p lace  in  Sudan and Z a ire  in  1976, the 

incubation  p er iod  va ried  from U-l6 days w ith  an average o f  7 days 

(Simpson, 1977; WHO, in  p re s s ).  The s in g le  case which occurred in 

England in  1976 fo llo w in g  a labora to ry  acciden t had an incubation time 

o f  6 days (Emond e t a l . ,  1977). The i l ln e s s  caused by Marburg and Ebola 

v iru ses  began abruptly w ith  severe f r o n ta l  and temporal headache, 

severe  m a la ise , g en era lized  aches most p a r t ic u la r ly  in  the lumber region 

and s e n s it iv e  und p a in fu l eyes , (M a r t in i,  1 9 6 9 ; Gear e t  a l. . , 1975; 

Simpson, 1977). A high fe v e r  was obvious on the second day o f  i l ln e s s  

and p a tien ts  became p ro g re s s iv e ly  more d e b il ita te d  over  the next few days

W hile the s im i la r i t ie s  o f  c l in i c a l  fea tu res in  Lassa, Marburg and 

Ebola v iru s  in fe c t io n s  may make d iagnosis  d i f f i c u l t ,  the is o la t io n  o f 

v iru s  r e a d i ly  d is tin gu ish es  Lassa from Marburg and Ebola. I.ossa virus 

erows r e a d ily  in  Vero c e l l  cu ltu re producing on obvious cytopath ic  e f f e c t



(Buckley and Cuuula, 1970) • In our studies a cy topath ic  e f f e c t  appeared 

w ith in  days o f  in ocu la tion  and was very obvious by day 5 . W u lff and 

Lange (.1975) showed th a t the in d ire c t  immunofluorescent antibody technique 

could be used fo r  the detec tion  o f  Lassa v iru s  antigen in  in fe c te d  Vero 

c e l l  cu ltu res  and we have su ccess fu lly  adopted the method fo r  the detection  

o f  Lassa an tibod ies  and fo r  the id e n t i f ic a t io n  o f  new is o la te s  o f  Lassa 

v iru s . The moot rap id  id e n t i f ic a t io n  o f  Lassa virus is o la t e  was made 

)|8 hours a f t e r  the in ocu la tion  o f  Vero c e l l  cu ltu res  w ith  an acute-phase 

human serum sample sent to  us from N ig e r ia . W u lff and Lange (1975) and 

more re c e n t ly  W u lff e t  a l . (1977) > W u lff and Conrad ( in  p ress ) claim  th a t 

the immunofluorescent t e s t  system is  s p e c i f ic  f o r  the d e tec tion  o f  Lassa 

v iru s  an tib od ies  and fo r  d is tin gu ish in g  Lassa v iru s  from o ther members o f  

the arenavirus complex. Unfortunately we, l i k e  other workers, have been 

unable to  develop a r e l ia b le  n eu tra liza tion  t e s t  system fo r  Lassa.

Ebola and Marburg v iruses  grow in  a v a r ie t y  o f  c e l l  cu ltu re  systems. 

Marburg v iru s  was su ccess fu lly  cu ltured in  a w ide v a r ie ty  o f  t is su e  cu ltu re 

systems both in  primary and estab lished  c e l l  l in e s  (Smith e t  a l .  , 1967; 

S ie g e r t  e t  a l . , 1968; Z lo tn ik  e t a l.  , 1968; Malherbe and S trick lan d - 

Cholmley, 1968; K is s lin g  e t a l . , 1968; May and Knothe, 1968; Kunz 

e t  a l . . 1 9 6 8 ; Slcnczka e t  a l. . 1968, 1969 and Gear et  a l .  . 1975).

The c e l l  l in e s  most s tu d ied  were baby hamster kidney (BHK 2 l )  and 

cu ltu res d e r iv ed  from Ceropithecus aeth iops k idney c e l l s ,  GMK-AH1 and 

Vero c e l l s .  Ebola v iru s  has been studied la r g e ly  in  Vero c e l ls  although a 

v a r ie ty  o f  d i f fe r e n t  systems have been in v e s t ig a te d  by van der Groen 

e t  a l . ( 1 9 7 8 ) .  In e a r ly  passage n e ith er Marburg nor Ebola produced a 

s p e c i f ic  cy topa th ic  e f f e c t  which is  a sharp con tras t to  Lass?, v iru s . A 

more obvious cytopath ic  e f f e c t  may appear a f t e r  s e ve ra l passages and 

Johnson e t  a l . (.1977) have claimed that cy top a th ic  changes are d is c e rn ib le  

in  Vero c e l ls  fo llo w in g  inocu la tion  o f  Ebola v iru s . Most workers however, 

have p re fe r r e d  to  base th e ir  evidence o f  c e l l  in fe c t io n  on the appearance 

o f  the c h a ra c te r is t ic  in tracytop lasm ic in c lu s io n  bodies demonstrated by
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s ta in in g  techniques (S ie g c r t  e t a l . . 1968; Carter e t  a l . . 19 6 8 ; Gear 

— » a975. Johnson e t  a l . , 1977; Seven e t  a l . . 1977). High v iru s 

l i t r e s  have n o t  teen encountered in  c e l l  cu ltu res , th e  maximum le v e ls  

fo r  Marburg v iru s  being o f  the o rder o f 106 G .P .I.U ./m l even a f t e r  s e ve ra l 

passages in  such systems.

jr e  r tru c tu re  o f  Marburg v iru s  in  th in  sec tion  has been described  

by Peters  end M u lle r  ( 1968) ,  K is s l in g  e t a l .  . ( 1968) ,  Z lo tn ik  e t  ah. C !°6£) 

and ^.¡fcgert (1 9 7 2 ), v h i le  n ega tiv e ly  s ta ined  p reparations have been w id e ly  

examined fe iagert e t . a l . , 1967; S ie g e r t ,  1972; P e te rs  and M u lle r , 1966,

1969; K iss l in g  ct a l. t 1968; Hoffman and Hunt, 1968; May and Knothe,

1968; Bowen c t  a l. . 1969; and Almeida e t  a l .  . 1971). Ebola v iru s  has 

been s im ila r ly  s tud ied  (Johnson e t a l . . 1977; Bowen e t  a j . .  1977, Pattyn 

1977, Knobloch e t a l.  , 1977; end E l l i s  e t a l ■ . 1978). Two main 

stru ctu ra l forms o f  Marburg have been recogn ised  (a )  a f j  lamentous o r  

sinuous form ar. d (b ) a c ir c u la r  form resem bling a doughnut or t o r  v . S evera l 

in term ediate form s have been described , Shere were 3 m orpho log ica lly  

d if fe r e n t  types o f  the sinuous p a r t ic le ,  the covered type be ing merely' an 

uninterp r e t  ab le  form o f  one o r  o th er o f  the two genuine sinuous forms , one 

w ith an in te rn a l h e lix  and one v ith o u t. The form w ith  the in te rn a l h e l ix  

is  presumably v ia b le  v h i le  tha t v ith o u t is  probably an empty or incom plete 

p a r t ic le  Both form ing and degraded p a r t ic le s  showed th a t the neked h e l ix  

is  the in te rn a l component, both o f  the f u l l  sinuous form and o f  the mature 

c ir c u la r  to ru s. The one constant measurement lin k in g  the naked h e l ix ,  the 

fu l l  sinuous form  and the mature p a r t ic le  is  the 28 nm diam eter o f  the 

core o f  the in te r n a l h e l ix  (P e te rs  and M u ller, 1968; K is s iin g  e t  a l ■. 3968 

and Z lo tn ik  e t a l . . 1968) .  Almeida e t  a l . . (1971) have suggested that the 

naked h e lix  is  th e  primary ph ys ica l component o f  the v iru s  and th a t th is  is  

surrounded by a sheath o f  a p e r io d ic it y  o f  I4.5 nm. The stru ctu re  is  

completed by th e  add ition  o f  a l ip id  con ta in ing membrane bearing  p ro je c t io n s
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conventiona l s ta in in g  methods (.Z lotn ik  o t a l .  . 1968j Malherbe and 

S trick land -C holm ley , 1968; S lenoska et  a l .  , 1968) o r  by <mnmnoflucres cent 

s ta in in g  techniques (S ie g c r t  e t  a l . . 1968; Carter e t  a l. . 1968 ; Gear 

£L_& la» 1975, Johnson e t  a l . , 1977; Bowen e t a l. . 1977). High virus 

t i t r e s  have not been encountered in  c e l l  cu ltu res , th e  maximum le v e ls  

fo r  Marburg v iru s  be in g  o f  the o rder o f  106 G .P .l.U ./m l even a f t e r  s e v e ra l 

passages in  such systems.

The s tru ctu re  o f  Marburg v iru s  in  th in  section  has been described 

by P e te rs  and M u ller ( 1968 ) ,  K iss  l in g  e t  a l .  . ( 1968) ,  Z lo tn ik  e t  al „  (:io68) 

and o ie g e r t  (1 9 n ) ,  w h ile  n e g a t iv e ly  s ta in ed  preparations have hecn w id e ly  

examined (BSagert e t  a l . , , 1967; S ie g e r t ,  1972; T e te rs  and M u lle r , 1968,

1: t-', ; h iss  l in g  e t  a l . , 1968 ; Hoffman and Kunz, 1968 ; May and Knothc,

1968; Bowen e t  a l . , 19&9; and Alm eida e t  a l .  . 1971). Ebola  v iru s has 

been s im ila r ly  s tu d ied  (Johnson e t  a l . . 1977; Bowen e t  al . .  19 77 , Pattyn 

» 1977, Knobloch e t  a l.  , 1977; and E l l i s  et a l . . 1978). Two main 

s tru c tu ra l forms o f  Marburg have been recogn ised  (a )  a filam entous or 

sinuous form and (b ) a c ir c u la r  form resem bling a doughnut, o r  torus. S evera l 

in term ed ia te  forms have been described . H iere were 3 m orphologica lly ' 

d i f fe r e n t  types o f  the sinuous p a r t ic le ,  the covered type b e in g  merely an 

u n in terp re tab le  form o f  one o r  o th e r o f  the two genuine sinuous forms, one 

w ith an in te rn a l h e l ix  and one w ithou t. The form w ith  the in te rn a l h e l ix  

is  presumably v ia b le  w h ile  th a t w ithout i s  probably an empty o r  incomplete 

p a r t ic le  Both form ing and degraded p a r t ic le s  showed that th e  naked h e l ix  

is  the in te rn a l component, both o f  the f u l l  sinuous form and o f  the mature 

c ir c u la r  torus. The one constant measurement lin k in g  the naked h e lix ,  the 

f u l l  sinuous form and the mature p a r t ic le  is  the 28 nm d iam eter o f  the 

core o f  the in te rn a l h e l ix  (P e te rs  and M u lle r, 1968; K is s i in g  e t  a l . , 1968 

and Z lo tn ik  et a l . . 1968) .  Alm eida e t  a l . . (1971) have suggested  that the 

naked h e l ix  is  the prim ary p h ys ica l component o f  the v iru s and that th is  is  

surrounded by a sheath o f  a p e r io d ic i t y  o f  U.5 nm. The s tru c tu re  is  

completed by the a d d it ion  o f  a l i p i d  con ta in ing membrane b ea r in g  p ro jec tion s
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on the su rfa ce . The f i r s t  s tage  o f  v irus m aturity is  reached when the 

f u l l  sinuous form develops con s tr ic t ion s  along i t s  length  w ith  sub­

sequent breaking o f f  o f  unit len g th s  which curve round to  g iv e  the 

c ir c u la r  torus forms found in la r g e  aggregates. This typ e  o f  morpho­

gen es is , apart from th e  step g iv in g  r is e  to  the to ru s , has been described  

fo r  rhabdoviruses (Bradish and Kirkham, 1966; Nokai and Howatson, 1968). 

The' s im ila r it y  between Marburg v iru s  and rhabdoviruses such as v e s ic u la r  

s to m a tit is  v iru s and rab ies  was noted by S ie g e r t  e t  a l.  . 19 6 8  and 

K is s lin g  e t  al ■, 1968. Like th e  rhabdoviruses, Marburg v iru s  has been 

shown by S ie g e r t  e t a l . , 19 6 8 ; K is s lin g  e t  a l . ■> 1968  and Bowen e t  a l .  ,

1969  to  be eth er s e n s it iv e  and heat la b i l e ,  to  contain r ib o n u c le ic  a c id , 

and to  be formed by budding through the c e l l  membrane. However both the 

c ro s s -s e c t io n a l s tru ctu re  o f  th e  mature Marburg v iru s p a r t ic le  and the 

nature o f  the in tracytop lasm io  inclu sions i t  causes d i f f e r  s ig n i f ic a n t ly  

from corresponding rhabdovirus stru ctu res . The d i f fe r e n c e  in core s iz e  

must represen t a fundamental d if fe r e n c e  in  design. The s i z e  o f  Marburg 

v iru s  alone makes i f  s ig n i f ic a n t ly  d if fe r e n t  from members o f  the 

rhabdovirus group. Kunz et a l . , (1968) suggested the name "Rhabdovirus 

sim iae" but Almeida e t  a.l. .  ( l 9 7 l )  suggested that s in ce  th e  mature form o f  

Marburg v iru s  forms la rg e  aggregates o f  predominantly "doughnut-shaped' 

p a r t ic le s  i t  should become a founder member o f  the group c a lle d  "Toro - 

v iru s e s " .

Our e le c tron  microscope stud ies show th a t Kbola v iru s  is  « t r u e ;u r a l ly  

in d is tin gu ish ab le  from Marburg v iru s . This s im ila r ity  has been reported  

from s e v e ra l la b o ra to r ie s  (Johnson e t _ a l i ., 1977; Bowen c t  al._, 19 H i  

Pattyn  e t  a l .  . 1977; Knobloch e t  al_._, 1977; Murphy et_ a_l^ , 1978 and 

E l l i s  e t  al ■ . 1978). P eters e t  a l . (1971 ) end Almeida c t  .a l., (1971) gave 

di agramatic represen tations o f  the Marburg virus s tru c tu re  as the f u l l  

( i e .  com plete) p a r t ic le  and empty ( i e .  incom plete) p a r t ic le .  We b e lie v e  

th a t Ebola virus has 0 very s im ila r  structu re and the suggested  stru ctu re  

o f  the "com plete" s in u so id a l p a r t ic le  is  shown in F igu re  I
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AlthougL s tru c tu ra lly  id e n t ic a l ,  Marburg and Ebola v iru ses  are 

qu ite  d is t in c t  s e r o lo g ic a l ly .  Johnson et a l .  (1977) shoved th a t both 

v iru ses  are a n t ig c n ic a lly  d i f fe r e n t  when studied  by in d ir e c t  immuno- 

f lu o n  : eenee, v i th  perhaps the exception  o f  a weak reaction  to  Marburg 

antigen  on ly  at a d ilu t io n  o f  1/U v ith  a Zairean human convalescent 

serum. Ebola v iru s  vas d is t in c t  from Marburg v irus stra in s  is o la te d  

in  Germany (1967) and in  South A fr ic a  in  1975- The homologous Marburg 

t i t r e s  v i th  the 1967 and 1975 antigens and an tis e ra  vere  1/128 and X/6U 

r e s p e c t iv e ly .  We have confirmed the d is t in c t io n  between Marburg and 

Ebola v iru s  by both c ross -p ro tec tion  te s ts  in  guinea p igs and by immuno­

flu o rescen ce . We have a lso  shown th a t there is  a c lose  s im ila r it y  

between the Zairean and Sudanese s tra in s  o f  Ebola v iru ses .

Very fe v  ph ys ica l and chemical studies have been ca rr ied  out v i th  

Ebola v iru s . L ike  Marburg, Ebola is  both heat and ether s e n s it iv e  but no 

fu r th e r  in v e s t ig a t io n s  on in a c t iv a t io n  have y e t  been ca rr ied  out.

We had a unique opportunity to  study the viraem ic response in  men 

fo llo w in g  a cc id en ta l labora tory  in fe c t io n  v i th  Ebola v iru s , c l in ic a l  d e ta ils  

o f  which have been described fu l ly  by Emond e t  a l . Q 977)« V irus was 

detected  e a r ly  in  the d isease , 10^*^ G .P .I.U ./m l being detec ted  on the 

f i r s t  day o f  i l ln e s s .  No detec tab le  change in  the le v e ls  o f  c ir c u la t in g  

v iru s  was ev id en t on the day fo llo w in g  in i t ia t io n  o f  in te r fe ro n  therapy.

However w ith in  tw elve  hours o f  adm in istering U50 ml o f  Ebola immune plasma

. ,„0 .5  G .P .I.U ./m l. This much reduced
the v iraem ia  le v e l  had fa l le n  to  10
le v e l  o f  c ir c u la t in g  v iru s  p e rs is ted  throughout the acute stages o f  i l ln e s s  

and v iru s  became undetectable on the 9bh day o f  i l ln e s s .

Emond e t  a l . (1977) were unable to  draw any d e f in ite  conclusions as 

to  the va lu e o f  e ith e r  in te r fe ro n  or immunotherapy. As both were admini­

s te red  to ge th e r  th e ir  re sp ec tiv e  m erits cannot be assessed. There i s  no 

doubt that v iraem ia  le v e ls  were d ram atica lly  reduced coon a f t e r  the admini­

s t ra t io n  o f  immune plasma, but the p a t ie n t 's  c l in ic a l  cond ition  d e te r io ra ted  

d esp ite  the low v iru s le v e ls  in  the blood.
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The d iscovery  o f  v iru s  in  the scjnen va s  not unexpected since 

Marburg v iru s is  known to  p e r s is t  in  sem inal f lu id  fo r  severe 1 weeks 

a f t e r  in fe c t io n  (M artin i end Schm itt, 1966; M artin i, 19 6 9 ) .  Marburg 

v iru s lias a lso been recovered  from the a n te r io r  chamber o f  the eye 

two months a f t e r  the onset o f  i l ln e s s  (C ca r e t  a l .  , 1975)*

The in fe c t io n  produced by Ebola v iru s  in  guinea p igs is  in d is t in g u is h ­

able from that caused by Marburg v iru s . A l l  the is o la t io n s  made by us 

from m a te r ia l sen t from Sudan and Za ire  w ere obtained in  guinea p ig s .

The animals became f e b r i l e  U—T days a f t e r  in tra p e r ito n ea l in ocu la tion  o f  

acute-phase human serum samples. The f e b r i l e  phase la s ted  fo r  s e v e ra l 

days during which time the animals f a i l e d  t o  th r iv e . Only 1 o f  10 

guinea p igs  in ocu la ted  w ith  o r ig in a l  m a te r ia l d ied. The o th er guinea 

p igs  s low ly  recovered  and were subsequently shown to  have developed 

s p e c i f ic  an tibod ies  d e tec tab le  by the in d ir e c t  flu o rescen t antibody 

techn ique. Passage o f  gu inea p ig  b lood  taken during the fe b r i le  s ta ges  

o f  i l ln e s s  produced a more uniform ly f a t a l  i l ln e s s .  Although morpho­

lo g i c a l l y  and a n t ig e n ic a lly  the Sudanese and Za ire  s t ra in s o f Ebola v iru s  

were shown to  be very  c lo s e ly  re la te d  i f  not id e n t ic a l ,  th ere  was however 

a d if fe r e n c e  in  the expression  o f  v iru le n c e  in the guinea p ig . The 

suggested im p lica tion s  o f  th is  w i l l  be d iscussed la t e r .

The p a th o lo g ic a l p ic tu re  in  guinea p ig s  was a lso  remarkably s im ila r  

to  p revious fin d in g s  w ith  Marburg v iru s . The l i v e r ,  spleen and lymph 

nodes were the organs most c o n s is ten tly  a f fe c te d  (Z lo tn ik  c t  _aJb_» j-968; 

Z lo tn ik , 1969; Bowen e t  a l ■, 1977). The l i v e r  showed numerous f o c i  o f  

n ecros is  w ith pleom orphic eo s in o p h ilic  b od ies  seen in  the cytoplasm o f  

s e v e ra l degenerating c e l l s .  K u p ffer c e l l s  were en larged and p e r ip o r ta l  

areas were h e a v ily  in f i l t r a t e d  by lym phoreticu lar c e l ls .  In the sp leen  and 

lymph nodes th ere  was a w idespread d e p le t io n  o f  lymphoid t is su e .

Ebola v iru s  produced an i l ln e s s  in  monkeys which c lo s e ly  resem bled 

that found in  mon (Kmond e t  a l .  . 1977; WHO, 1976 and in  p re s s ). H igh 

fe v e r ,  severe w eigh t lo s s ,  anorex ia , haemorrhages and a d is t in c t iv e
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skin rush was most pronounced in  the fo rehead  and fa ce  where i t  was 

o ften  con flu en t in  patches. On the m ed ia l aspects o f  th e  fo re  and hind 

liiuhs the rash was more obviously m acnlo-papular. The rash in  rhesus 

monkeys was always much more marked than in v e rv e t  monkeys which o ften  

had no rash at a l l .  The i l ln e s s  produced in monkeys c lo s e ly  resembles 

th a t caused by Kurburg virus (Simpson, ct. a l. . 1968; Simpson, 1969 ) 

and the in fe c t io n  in  monkeys resu lted  in  a un iform ly f a t a l  i l ln e s s .

Both Ebola and Marburg v irus predom inantly a f f e c t  the l i v e r ,  spleen 

and lymph nodes and in  add ition  Ebola v iru s  has some a f f in i t y  f o r  the 

lungs, in te s t in e s  and te s te s . Of p a r t ic u la r  in t e r e s t  i s  tha t th e  on ly 

pancreas examined had high concen trations o f v iru s . Th is accords w e ll  

w ith  the c l in i c a l  observation  o f  p a n c re a t it is  in  man fo llo w in g  Marburg 

v iru s  in fe c t io n  during the South A fr ic a n  outbreak (Gear e t  a l . , 1975).

The p a th o lo g ic a l changes produced by Ebola v iru s  in  man (Johnson 

e t  al . . 1977, B u ll, WHO 1978) are v e ry  s im ila r  to  those caused by Marburg 

v iru s (Gedigk e t  a l . . 1968; Gear e t  t i l . , 1975). S im ila r  p a th o lo g ic a l 

le s io n s  were found in  monkeys in fe c te d  with Marburg (Z lo tn ik ,  1969;

Murphy e t  a l . . 1971) and Ebola v iru s (B a s k e rv il le  e t  a l . , in  p re s s ).

Both v iru ses  mainly a f fe c t  the l i v e r ,  spleen and lymph nodes, w h ils t  

Ebola has some a f f in i t y  fo r  the lu n gs , in tes tin es  and t e s te s .  L iv e r  

le s io n s  are comparable in  both d is e a s e s , although the in tracy top lasm ic  

in c lu s ion  bod ies o f  Ebola in fe c t io n  in  monkeys are much la r g e r  and more 

c le a r ly  d e fin ed . The inclusions in  Marburg d isease  have been shown by 

e le c tro n  m icroscopy to  be aggregates o f  v irus p a r t ic le s  (Murphy e t  a l ... 

19 7 1 ) and i t  is  l ik e ly  that th is  w i l l  prove t o  be the case w ith  the 

in c lu s ion s  o f  Ebola. Changes in  the l iv e r s  o f  guinea p igs  in ocu la ted  

w ith  the e a r l i e s t  passages o f  Ebola v iru s  d i f f e r e d  s l i g h t ly  from those 

in  the monkey l iv e r s  in  having few er in c lu s ion  bod ies and a moderate 

lym ph oreticu la r rea c tion  in porta l t r ia d s  (Bowen e t  al .̂, 1977). A lso  

pulmonary le s io n s  in  guinea p ies  w ere s l ig h t  by comparison w ith  those 

induced in  the monkeys. At present i t  is  not c le a r  whether these
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djffercncers represent a genuine d iffe re n c e  in  specics^response to  the 

vi i us 01 w bether they r e f l e c t  chongcs in  the behaviour o f  the v iru s 

with passage.

The w idespread  occurrence o f  thrombosis and f ib r in  d epos ition  in  

the organs o f  monkeys in fe c te d  w ith Ebola v iru s suggests th a t dissem inated 

in tra va s cu la r  coagu lation  CDIC) may be a fea tu re  o f  the d isease , as i t  is  

in some o th e r  v i r a l  haemorrhagic fe v e rs  (McKay and M argaretten , 1967) .

Gear c t  a l  . . (1975) reported  that 2 o f  the cases o f  Marburg v iru s 

in fe c t io n  occu rrin g  in  South A fr ic a  had evidence o f  DIC although th ere  was 

no ev id en ce  o f  th is  con d ition  during the German outbreak in  1967 (Simpson, 

1977). DIC cannot be con c lu s ive ly  diagnosed by m icroscopic c r i t e r ia  

a lone, and fo r  con firm ation  c l in ic a l  p a th o lo g ic a l parameters such as 

throm bocyte counts, prothrombin times and fib r in ogen  le v e ls  would be 

requ ired . Because o f  th e  hazards to  personnel from in fe c te d  b lood  such 

a study in  monkeys has not y e t  been p o s s ib le . The d is tr ib u t io n  o f  the 

les ion s  o f  acute ren a l tubu lar necros is  may in d ica te  a vascu lar o r ig in  

fo r  the damage, and is  fu rth e r  evidence th a t DIC may be occu rrin g , s ince 

these le s io n s  are a lso  found in  p a tien ts  w ith  DIC. The DIC may be due 

to  f a i lu r e  o f  the damaged l i v e r  to  syn thesise coagu lation  fa c to r s ,  or i t  

may be due to  a d ir e c t  a c tion  o f  v iru s on b lood  components. For th is  

c r i t i c a l  le v e ls  o f  v iru s  in  the c ir c u la t in g  b lood  may be necessary.

This requ irem ent was almost c e r ta in ly  f u l f i l l e d ,  s ince h igh t i t r e s  o f  

virus w ere  demonstrated in  the b lood  o f  a l l  monkeys over a p e r iod  o f  

s e ve ra l days.

E b o la  virus could be is o la te d  from a l l  a ffe c te d  organs and lymph 

nodes a t various stages o f  the in fe c t io n . H is top a th o lo g ica l exominu— 

tion  showed no evidence o f  d ir e c t  damage to  vascu lar endothelium, even 

in  v e s s e ls  e x h ib it in g  coagu la tion , but th is  does not preclude s l ig h t  

but s ig n i f ic a n t  e f f e c t s  which might be d etec tab le  on ly by e le c tro n  

m icroscopy. In  the lungs there was no damage to  airway epithelixun 

at any l e v e l .  This may he because the v iru s has no a f f in i t y  fo r
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c i l ia t e d  columnar ep ith e liu m , but i t  may a lso  be due to  the pa ren tera l 

rou te o f  in fe c t io n .  The subsequent v iraem ia  ensured a r r iv a l  o f  v iru s 

in the lung v i a the b lood  at the a lv e o la r  l e v e l ,  where le s io n s  developed.

Our s tu d ies  in d ica ted  th a t monkeys p rovided  a u sefu l experim ental 

model fo r  th e  study o f  Ebola v iru s  in fe c t io n .  Consequently as immune 

plasma and in te r fe ro n  had been used to  t r e a t  a human Ebola v iru s  in fe c t io n  

(Emond c t  a l , , 197’f )  we used human leu cocy te  in te r fe ro n  to  t r e a t  exp eri­

m enta lly  in fe c te d  monkeys. Our prelim inary ' fin d in gs  w ith  a sm all number 

o f  rhesus monkeys tre a te d  p ro p h y la c t ic a lly  w ith  human leu cocyte  in te r fe ro n  

and ut the tim e o f  in fe c t io n  are not d iscou rag ing. C l in ic a l ly  su rv iv a l 

appeared to  be enhanced and an im pression was ga ined  th a t l i fe - s u p p o r t  

measures to  combat dissem inated in travu scu la r  coagu la tion  and f lu id  

replacem ent in  the animals tre a te d  w ith  in te r fe ro n  would have favoured 

recovery . V iraem ia was delayed and there is  ob v iou sly  a need t o  es tab lish  

the optimal dose and duration  o f  treatm ent w ith  in te r fe ro n  e ith e r  prophy­

l a c t i c a l l y  o r  e a r ly  in  the course o f  the in fe c t io n .

At p resen t, the a v a i la b i l i t y  o f  in te r fe ro n  is  very  lim ite d . However, 

s e v e ra l chemical inducers o f  in te r fe ro n  have been in v e s t ig a te d . P o ly in o s in ic  

p o ly c y t id y l ic  ucid (P o ly  I .  P o ly  C ),  a double-stranded RNA, is  a potent 

inducer o f  in te r fe ro n  in  mice and has been found to  be e f f e c t i v e  against 

various v iru s  in fe c t io n s  both p ro p h y la c t ic a lly  and th e ra p e u t ic a lly . I t  

i s ,  however, a poor inducer o f  in te r fe ro n  in  man and in  non-human primates 

and i t  does not induce any d e tec tab le  serum in te r fe r o n . This may be re la ted  

t o  the presence o f  an enzyme in  the serum o f  prim ates which hydrolyses and 

in a c t iv a te s  P o ly  I .  P o ly  C. P o ly  I .  P o ly  C has been complexed w ith  poly 

1 - ly s in e  and carboxymethyl c e l lu lo s e  (P o ly  ICLC) by Levy e t  a l . (19 f!?)»

Th is  s t a b i l is e d  d e r iv a t iv e  is  p a r t ia l l y  r e s is ta n t  to  h yd ro lys is  by primate 

serum and induces the form ation o f  s e v e ra l thousand un its o f  in te r fe ro n  

p er ml o f  serum in  prim ates. Th is compound has been te s ted  in  non-human 

prim ates aga in st s eve ra l serious v iru s  d is ea s e s . Thus, P o ly  ICLC was 

e f f e c t i v e  p ro p h y la c t ic a lly  in  sim ian haemorrhagic fe v e r .  When th is  compound
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was g iven  to  monkeys 6 hours a f t e r  n la rge  inoculum o f  y e l lo w  fe v e r  v ir u s , 

nhout 755» o f  the tre a ted  animals su rvived  and developed good  serum a n ti­

body t i t r e s ,  in  con trast to  deaths o f  a l l  the untreated monkeys (WHO, 1978).

use o f  Polly ICLC in  experim ental Kbola v irus in fe c t io n  in  non-human 

prim ates is  be ing  exp lo red , s ince i t  can induce high le v e ls  o f  serum in t e r ­

feron  w ith  few major t o x ic  side e f fe c t s .

The adm in istration  o f  human immune plasma to  in fe c te d  monkeys had a 

le ss  dramatic e f f e c t  than was found in the s in g le  human in fe c t io n  tre a ted  

in  a s im ila r  manner. Two monkeys were inocu lated  w ith  n Sudanese s tra in  

o f  Ebola v iru s  which, as w i l l  be discussed la t e r ,  appeared to  be a le ss  

v iru le n t  s tra in  than those emanating from Z a ire . One monkey was g iven  an 

intravenous in fu s ion  o f  human immune plasma at the onset o f  fe v e r .

V iraem ia le v e ls  did not f a l l  immediately as was found in  man, but f e l l  

s te a d ily  over a p e r iod  o f  seve ra l days. In  the untreated monkey tb e  le v e l  

o f  v iru s  in  the b lood remained high fo r  severa l days b e fo r e  decreasing.

Both monkeys su rv ived  in fe c t io n  in  contrast to  in fe c t io n  w ith  Za ire  

s tra in s  where the outcome vas always fa t a l .

Most o f  our ep id em io log ica l in vestiga tions have been c a r r ie d  out 

on m a ter ia l c o lle c te d  during the Sudanese outbreak. D e ta i ls  o f  th is  

outbreak and i t s  o r ig in  have been described (WHO in p re s s ; D .l.H . Simpson, 

personal communication). The f i r s t  cases o f  haemorrhagic fe v e r  are 

thought to  have o r ig in a ted  in Nzara township in  three emplcyees o f  a 

cotton  fa c to ry  s itu a ted  near the town centre. The fac to ry ,op en ed  in  1952, 

forms p a r t o f  a la rg e  a g r icu ltu ra l cooperative w ith a t o t a l  workforce o f  

2,000 p eop le . 1*55 s t a f f  are employed in  the fa c to ry  which produces cotton  

c lo th  from rew cotton  grown in small holdings throughout th e  reg ion .

The f i r s t  id e n t i f ia b le  case was PC, a s tore-keeper in  the factoxy .who 

became i l l  on 27th June, 1976 w ith  a severe f e b r i le  i l l n e s s ,  headache and 

chest pa ins. He developed heemorrhugic m anifestations on the f i f t h  day 

o f  i l ln e s s  w ith pro fuse b leed ing  from the nose and mouth and bloody 

d iarrhoea . He was adm itted to  h o sp ita l in  Hzara on 30 June and d ied  on



cth- Ju ly . During h is i l ln e s s  a t home lie was nursed by h is  b ro th er who in  

turn Dec time i l l  on 13th J u ly . His symptoms were s im ila r  hut he recovered  

a f t e r  a two-week i l ln e s s  and was able to  g iv e  a d esc r ip tion  o f  both 

i l ln e s s e s .  A second s to re -k e e p e r , BZ, who worked a longside YG, was 

adm itted to  Nzara h osp ita l on 12th July and d ied  on lUth Ju ly . Soon 

a fterw ards h is  w ife  a lso  became i l l  and d ied  a t home on 19th Ju ly .

Both had had severe f e b r i l e  i l ln e s s e s  com plicated  by b leed in g . The 

th ird  man from the fa c to ry  t o  f a l l  s ick  was PG who was employed in  the 

c lo th  room beside the s to re  where YG and BZ worked. PG became s ick  on 

or around l8 th  July and was adm itted to  Nzara h o s p ita l on 2Uth J u ly , 

dying on 27th Ju ly. Although a l l  th ree men were employed in  the weaving 

s e c tion  o f  the fa c to ry  t h e ir  homes were w id e ly  separated  geog rap h ica lly  

and th e ir  l i f e  s ty le s  were v e r y  d i f fe r e n t .  There appeared to  be no 

s o c ia l con tact between any o f  them. YG l i v e d  s ix  m iles  south o f  Nzara in  

a remote ru ra l homestead w h ile  BZ l iv e d  two m iles  east o f  the town.

Both men l iv e d  q u ie t ly  w ith  t h e i r  fa m ilie s  and had few fr ien d s  o r  

contacts w ith in  th e ir  home environm ents. The th ir d  man, PG, was a 

b a tch e lo r  who l iv e d  in  the c en tre  o f  Nzara c lo se  to  a shop be lon g in g  to  

a genera l merchant, MA. PG was rep o rted ly  an em bu llien t ch aracter, 

known t o  almost everyone in  th e  area and he was c lo s e ly  assoc ia ted  w ith  

the merchant's fam ily and em ployees. He was p a r t ic u la r ly  fr ie n d ly  w ith  

two b ro th e rs , Samir S and S a lla h  S, s ta y in g  in  the merchant's household.

A l l  th ree  young men helped in  the shop and organ ised  p a r t ie s  and dances in  

the area. During PG's i l l n e s s  he was v is i t e d  and com forted by many people 

in c lu d in g  two women, HW and CB, who nursed him b e fo re  he was adm itted to  

h o s p ita l.

Samir S became i l l  on 26th  July and a f t e r  a few days in  Nzara he 

t r a v e l le d  w ith  h is b rother S a i l  ah to  M arid i on 6th August in tend ing  to  go 

to  Juba. He became so i l l  in  Maridi th a t he was adm itted to  M aridi 

h o s p ita l on 7th August and d ie d  there on 17th August. Sa llah  helped to  care 

fo r  Samir in  Maridi h o sp ita l and then retu rned  to  Nzara on l8 th  August
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6th Ju ly . During hi.s i l ln e s s  at home he was nursed by h is  brother who in  

turn became i l l  on 13th. Ju ly . His symptoms were s im ila r  but he recovered  

a f t e r  a two-week, i l ln e s s  and was able to  g iv e  a d escr ip tion  o f  both 

il ln e s s e s .  A second s to re -k eep er, BZ, who worked alongside YG, was 

adm itted t o  Nzara h o sp ita l on 12th Ju ly  and d ied  on lUth Ju ly . Soon 

afterwards h is  w ife  a lso  became i l l  and died at home on 19th Ju ly.

Both had had severe f e b r i l e  i l ln e s s e s  com plicated by b leed in g . The 

th ird  man from the fa c to ry  to  f a l l  s ic k  was PG who was employed in  the 

c lo th  room beside the s to re  where YG and BZ worked. PG became s ick  on 

or around l8 th  Ju ly  and was adm itted to  Nzara h osp ita l on 2Uth Ju ly , 

dying on 27th Ju ly . Although a l l  th ree  men were employed in  the weaving 

sec tion  o f  the fa c to ry  th e ir  homes were w ide ly  separated geograp h ica lly  

and th e ir  l i f e  s ty le s  were ve ry  d i f fe r e n t .  There appeared to  be no 

s o c ia l con tact between any o f  them. YG l iv e d  s ix  m iles south o f  Nzara in  

a remote ru ra l homestead w h ile  BZ l i v e d  two m iles east o f  the town.

Both men l iv e d  q u ie t ly  w ith  th e ir  fa m ilie s  and had few fr ien d s  or 

contacts w ith in  t h e ir  home environments. The th ird  man, PG, was a 

b a tch e lo r  who l i v e d  in  the cen tre o f  Nzara c lo se  to  a shop be long ing  to  

a genera l merchant, MA. PG was rep o rted ly  an em bullient character, 

known to  almost everyone in  the area and he was c lo s e ly  assoc ia ted  w ith 

the merchant's fam ily  and employees. He was p a r t ic u la r ly  fr ie n d ly  w ith 

two b ro th e rs , Samir S and Sa llah  S, s tay in g  in  the merchant's household.

A l l  th ree  young men helped in  the shop and organised p a r t ie s  and dances in 

the area. During PG's i l ln e s s  he was v is i t e d  and comforted by many people 

inc lud ing two women, HW and CB, who nursed him before  he was adm itted to  

h o sp ita l.

Samir S became i l l  on 26th Ju ly and a f t e r  a few days in  Nzara he 

t r a v e l le d  w ith  h is  b ro ther Sallah  to  M aridi on 6th August in tend ing to  go 

to  Juba. He became so i l l  in  M aridi th a t he was admitted to  M aridi 

h o sp ita l on 7th August and d ied  there on 17th August. Sa llah  helped to  care 

fo r  Samir in  M arid i h o sp ita l and then returned to  Nzara on l8 th  August

-1 22 -



when he to o  hud begun to  f e e l  i l l .  Meanwhile in  Nzaru fou r c lose 

contacts o f  PG -  the two women HW and CB, to g e th e r  with GU, another 

cotton  fa c to ry  employee and c lose  fr ie n d  o f  PG, and RJ a nurse at Nzara 

h o s p ita l,  had become i l l  and d ied  from the d isea se . They in  turn 

in fe c te d  seve ra l others who had nursed them during th e ir  il ln e s s e s  at 

home. S a llah  S a r r iv e d  in  Nzara on l8 th  August and was so i l l  the fo l lo w in g  

day th a t he was v is i t e d  by a h o s p ita l nurse A I who adm inistered ch loro - 

quine and a n t ib io t ic  in fe c t io n s .  S a llah  and one o f  the merchant MA's 

sons d ied  la t e r  in  the same house from the d isease . The nurse, AI , f e l l  

i l l  on 2Uth August and was even tu a lly  taken to  M aridi h o sp ita l where he 

d ied  on 3rd September. The merchant, MA, had become i l l  on 21st August and 

went fo r  treatm ent t o  Omdurman having t r a v e l le d  by road t o  Juba and 

thence by plane to  Khartoum. He d ied  in  Omdurman h osp ita l on 30th August. 

S h ortly  a f t e r  he l e f t  Nzara s e v e ra l o f  h is  fa m ily  and employees a lso  

con tracted  the same i l ln e s s .  They, in  tu rn , s eq u en tia lly  in fe c te d  

s e ve ra l others and sm all pockets o f  in fe c t io n  were se t up around Nzara.

I t  was p oss ib le  to  r e la te  U8 cases o f  in fe c t io n  and 27 deaths in  

Nzara to  th e  o r ig in a l  in fe c t io n  in  PG acqu ired by d ire c t  c lo se  contact 

u sua lly  in vo lv in g  nursing and care o f  an in fe c te d  in d iv id u a l. However, 

in  J u ly , September and O ctober, fu r th e r  u n re la ted  cases continued to  

occur in  cotton  fa c to ry  employees f o r  which no d ire c t  contact w ith 

p rev io u s ly  s ick  persons could be es tab lish ed . They, in  tu rn , in fe c ted  

members o f  th e ir  own fa m ilie s  but as each fa m ily  l iv e d  in  r e la t iv e ly  

remote homesteads l i t t l e  e x tra - fa m ily  contacts were in vo lved  and these 

pockets o f  in fe c t io n  were s e l f - l im i t in g .  The la s t  recorded in fe c t io n  

in  Nzara was reported  to  have had an onset on 27th October 1976.

The d isease was introduced to  M arid i, 80 m iles away, by Samir S 

when he was adm itted to  M arid i h o s p ita l on 7th August. A c lose fr ie n d , a 

h o sp ita l nurse, a h o sp ita l c leaner and a h o s p ita l messenger, a l l  o f  

whom had had c lose  contact w ith  Samir during h is  i l ln e s s ,  each developed 

the same d isease and were adm itted to  various wards in  the h osp ita l.
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H osp ita l con tacts  o f  these p a t ie n ts , in c lu d in g  v is i t o r s  to  the h o sp ita l, 

who o ften  helped  t o  care fo r  p a t ie n ts , seeded  the in fe c t io n  around 

M aridi township. A fu rth e r  focus o f  in fe c t io n  was introduced t o  Maridi 

h o sp ita l on 29th August when A I , the nurse from  Nzara, was adm itted with 

the same d isea se . The h o sp ita l served as an e f f i c i e n t  a m p lif ie r  

p ro v id in g  ’ seed , sower and s o i l '  from which, the v iru s was dissem inated 

throughout the town. The number o f  cases g ra d u a lly  increased  u n t i l  mid- 

September and at the end o f  the month th e re  were a la rg e  number o f  cases , 

p a r t ic u la r ly  in  h o s p ita l s t a f f .  The number o f  cases dec lin ed  in  ea r ly  

O ctober, p o s s ib ly  r e s u lt in g  from the use o f  p ro te c t iv e  c lo th in g . A 

con s id erab le  in crease  in  cases was observed  in  la t e  October and ea r ly  

November which may have been p a r t ly  due to  la ck  o f  p ro te c t iv e  c lo th in g  

when su pp lies  ran out in  m id-October. These la t e r  cases were more 

frequ en t in  in d iv id u a ls  who were not employed in  th e  h o sp ita l but who 

had been in  con tact w ith  p a tien ts  w ith in  th e  h o sp ita l o r  in  t h e i r  homes.

No r e a l l y  s a t is fa c to r y  s e ro lo g ic a l t e s t  has y e t  been dev ised  to  d e tec t 

and q u a n tify  an tibod ies  against e ith e r  Marburg o r  Ebola v iru s e s . Early 

workers (.Smith e t  a l . 1967i K is s lin g  e t _ a l .  , 1968; S ie g e r t  and 

S lenczka, 1 97 l) used complement f ix a t io n  t e s t s  to  d e tec t an tibod ies to  

Marburg v iru s  fo llo w in g  the outbreak in  1967. They used crude antigens 

d er ived  from  guinea p ig  and monkey t issu es  but found them to  be u n re liab le  

because they lacked  s p e c i f i c i t y .  Malherbe and S tr ick lan d —Cholmley (1971) 

compared antigens derived  from animal t is s u e s  w ith  those prepared in 

monkey k idney c e l l  cu ltu res and found both  types t o  be u n sa tis fa c to ry . 

S lenczka and W u lff (1971) and Slenczka e t  a l .  (1971) found th a t antigens 

d er ived  from ch ro n ica lly  in fe c te d  Vero c e l l s  were much more s a t is fa c to r y  

but s t i l l  had doubts about th e ir  a c t iv i t y .

N e u tra liz a t io n  te s ts  have been c a r r ie d  out in  guinea p igs  and tis su e  

cu ltu re  systems but have proved co s t ly  in  an im als, cumbersome, time 

consuming and g en e ra lly  very  u n sa tis fa c to ry . S ie g e r t  and S lenczka (1971) 

and we ou rse lves  have had some success w ith  n eu tra liza t io n  t e s ts  in  Vero
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and BHK 21 c e l l s  based on counts o f  iritracytop lasm ic in c lu s ion  bodies 

but the re s u lts  were d i f f i c u l t  to  reproduce. The problem is  th a t no 

r e a lly  obvious cytopath ic  changes can be re a d ily  v is u a lis e d  in  any o f  the 

c e l l  cu ltu re systems used so fa r  although Johnson e t  a l . . (1977) have 

claimed that some cytopath ic  changes are d isce rn ib le  in  Vero c e l ls .

However these w orkers, l ik e  ou rse lves , have based th e ir  s e r o lo g ic a l 

resu lts  on immunofluorescent t e s ts .  Immunofluorescence w ith  Marburg 

virus was d escrib ed  in  BHK 21 by C arter and B righ t (1968) but recen t work 

on Marburg and Ebola has been based on the in d ire c t  immunofluorescent 

technique d escr ib ed  by W u lff and Lange (1975) fo r  use w ith  Lassa v iru s .

The method is  more s e n s it iv e  than complement f ix a t io n  and appears to  be 

qu ite  s p e c i f i c .  I t  c e r ta in ly  d is tin gu ish es  between Marburg and Ebola 

viruses (Johnson et a l . . 1971) • W u lff and Conrad (1977) b e l ie v e  th a t the 

method could b e  used su ccess fu lly  f o r  survey work s in c e , a t  le a s t  w ith  

Marburg, an tib od ies  can be d etected  by th is  method f i v e  years  a f t e r  

in fe c t io n .

The d iagn os is  o f Ebola virus in fe c t io n  was confirmed by the in d ir e c t  

immunofluorescent te s t  in  U2 o f  U8 M arid i p a tien ts  who had been diagnosed 

c l in ic a l ly .  These resu lts  were confirm ed in  seve ra l p a tien ts  by a 

p a r a l le l  t e s t  k in d ly  c a rr ied  out a t  CDC, A tlan ta  by Dr P a t r ic ia  Webb.

There can be l i t t l e  doubt that the o ther s ix  pa tien ts  in  whom no an tibodies 

could be d e te c ted , had been in fe c te d  w ith  the same v iru s  s in ce  they a l l  

had f e b r i le  i l ln e s s e s  accompanied by haemorrhages and symptoms as 

described (WHO, in  p re s s ).  The la ck  o f  d e tec tab le  an tibod ies  in  25 o f  

31 Nzara p a t ie n ts  was su rp ris in g  and d isappoin ting e s p e c ia l ly  as a l l  o f  

them had had illn e s s e s  c l in i c a l l y  in d is tin gu ish ab le  from proven cases o f  

Ebola fe v e r . The Nzara p a tien ts  were b led  at times ranging from s ix  to  

seventeen weeks a fte r  the onset o f  th e ir  i l ln e s s e s .  I t  may be th a t th e ir  

antibody le v e l s  may have fa l le n  below  those detec tab le  by immunofluorescent 

te s t in g . In  view  o f  e a r l i e r  r e s u lts  w ith  Marburg v iru s  th is  p o s s ib i l i t y  

seems u n lik e ly .  However, antibody le v e ls  in  proven cases o f  Ebola



in fe c t io n  in M arid i did f a l l  q u ick ly . 18 o f  23 p a tien ts  b led  in  November 

1976 and attain in  January 1977 had d is t in c t  f a l l s  in  antibody le v e ls  

rangine from 2-  to  5*-fold. hater antibody le v e ls  were o ften  detec ted  at 

the low es t accep tab le  d i lu t io n  o f  1/8. Two p a tien ts  a c tu a lly  became 

n e g a t iv e . These resu lts  could p o s s ib ly  be exp la ined  i f  the immunofluorescent 

te s t  was d ire c ted  towards d e tec tin g  IgM antibod ies a lone. U nfortunately  

the t e s t  was s p e c i f i c a l l y  d ire c ted  t o  d etec t IgG and th e re fo re  no s a t is ­

fa c to r y  exp lanation  fo r  th e  lack o f  d e tec tab le  an tibod ies  can be advanced. 

O bviously fu r th e r  work needs to  be ca rr ied  out on deve lop ing  more s e n s it iv e  

te s t  system s.

The fin d in gs  o f  Ebola v irus an tibod ies  in  25 o f  131 (.19%) M arid i case 

con tacts  and in  7 o f  6U h o sp ita l s t a f f  contacts (19%) suggests th a t Ebola 

v iru s  can cause m ilder i l ln e s s e s  and even su b c lin ie a l in fe c t io n s .  I t  a lso  

supports the v iew  (WHO, in  p ress) th a t  Ebola v iru s is  not r e a d ily  trans­

m is s ib le  from person to  person excep t where th ere  is  c lo se  and prolonged 

con ta c t with a p a tien t s u ffe r in g  from  severe d isease . C l in ic a l  observation  

o f  cases  occu rrin g la te  in  the epidem ic showed th a t frank haemorrhagic 

m an ifes ta tion s  were le s s  apparent. There may have been some a ttenuation  

o f  E bo la  v iru s re su lt in g  from continued passage in  man.

The antibody resu lts  on sera c o l le c te d  from the Nzara co tton  fa c to ry  

s t a f f  in d ica te  tha t 9 o f  the 2h s t a f f  (37#) o f  the c lo th  room and adjacent 

s to re  were in fe c te d . The le v e ls  o f  antibody, ranging from 1/16-1/256, 

in d ic a te  a f a i r l y  recen t in fe c t io n  although the seven members o f  s t a f f  who 

were b led  in  November and were shown to  have been in fe c te d  gave no h is to ry  

o f  i l ln e s s .  These re s u lts  po in t ve ry  s tron g ly  to  the co tton  fa c to ry  having 

been a prime source o f  in fe c t io n . Unfortunately v iru s  is o la t io n  a t t e s t s  

and s e r o lo g ic a l  studies on rodents and bats c o l le c te d  in  the fa c to ry  have 

not y e t  in d ica ted  that th ese animals are in vo lved  in  the n a tu ra l cyc le  o f  

in fe c t io n  w ith  Ebola v iru s .

The WHO in v e s t ig a t io n  team in  the Sudan gained a c l in ic a l  impression 

(D . I . H. Simpson, personal communication) th a t cases o f  in fe c t io n  seen in
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.la ter stages o f  the epidemic m anifested fewer severe haemorrhagic com­

p lic a t io n s  and f a t a l i t i e s  were few er. By November 1976 th e  virus had 

undergone at le a s t  10 generations in  man. The fever f a t a l i t i e s  may have 

been due in  some part to  b e t te r  c l in ic a l  care, but the im pression o f  a 

le s s  severe  d isease remained. This impression was a lso  noted  when guinea 

p igs  were used to  is o la te  v iru s s tra in s  emanating from Sudan and Z a ire .

The v iru len ce  o f  Sudanese is o la te s  fo r  guinea p igs was found to  be le s s  

in ten se  than those is o la te s  o r ig in a t in g  from Zairean p a t ie n ts . S im ila r  

fin d in gs  were a ls o  found in  monkeys. In fe c t io n  with the Zairean s tra in  

o f  Ebola v iru s in va r ia b ly  resu lted  in  a fa t a l  in fe c t io n  w ith  high fe v e r ,  

rash and marked v iraem ia , monkeys dying between days 5 -8 . On the o th er 

hand, monkeys in fe c te d  w ith  the Sudanese s tra in  although developing 

fe v e r ,  rash and v iraem ia , nearly  always recovered a f t e r  what appeared 

c l in i c a l l y  to  be a s im ila r  d isease.

When one o f  these monkeys was challenged e igh t weeks la t e r  w ith  the 

same Sudanese s tra in  o f  Ebola v iru s , no c l in ic a l  d isease developed, there 

was no f e b r i le  response and no viraem ia was detected. However, when th is  

same monkey was la t e r  re—challenged w ith a Zairean s t r a in  o f Ebola v iru s , 

i t  developed a low le v e l  viraem ia and a fe b r i le  response desp ite the fa c t  

tha- h igh le v e ls  o f  flu orescen t antibody to  both s tra in s  o f  Ebola were 

presen t in  the c ir c u la t io n . These find ings are d i f f i c u l t  to  in te rp r e t ,  

but suggest th a t c r o s s - s p e c i f ic i t y  as shown by s e r o lo g ic a l  tes ts  may not 

be sim ply re la te d  to  c ross -p ro tec tion  as shown by te s ts  in  d if fe r e n t  

h os ts . A l l  o f  these featu res may r e f le c t  d if fe re n t  q u a l i t ie s  o f  th e  v iru s , 

h o s t, antibody in te ra c t io n . Further in vestiga tion s  in to  th is  phenomenon 

are obviously  requ ired .
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Area o f  n ecros is  o f  sp leen ic  w h ite  

pulp, o c c a s io n a lly  contains 

e o s in o p h ilic  in tracytop lasm ic  

in c lu s ion  b od ie s .

E lec tron  micrograph o f  guinea p ig  

l i v e r  showing a v a r ie ty  o f  forms o f  

Ebola v ir u s .

In fe c te d  guinea p ig  l i v e r  b i l e  

c a n a lic u li showing v irus p a r t ic le s  

budding from the c e l l  membrane.

As fo r  F igu re  28.

Rhesus monkey on the fou rth  day a f t e r  

in fe c t io n .  Sat huddled in  the cage, 

ob v iou sly  s ic k  a t th is  s tage.

A c lose-u p  o f  the monkey as seen in  

Figure 30.
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Testes o f  rhesus monkey, 6th day. Blood 

vesse ls  o f  the tun ica  a lbu g inea  are occluded 

by throm bi.

E lectron  micrograph o f  monkey spleen  showing 
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various forms o f  Ebola v iru s .

E lectron  micrographs o f  monkey l i v e r  again  

showing the various form s o f  Ebola v iru s . 
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The suggested stru ctu re  o f  the complete 
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