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S VMMARY

The find ng of R i f t  V a l l e y  fever  v i r u s  in E~,) pt and Hi uctoiigti e vi riis
in A u s t r a l i a  have had great  L 1npact  at o p po s i t e  . ~1e s of the ~.ur 1d .  The
Ri f t  Val ley  fever  ep idemic  is probably  the I a r~~~st  , an d ~~~ r t a i  n ly  t h e
most ser ious  f rom the  p o i n t  of v i ew  of human death , ev er  reie rded.
R e c o g n i t i o n  of B l i i eton gue  v i r u s  in A u s t r a l i a  ~ of m a j o r  s i g n i f i c a n c e  to
the sheep and c a t t l e  i n d u s t r i e s  the re. Othe r f i  id i n~~; of note ar e :

Virus I d en t i  f i c a t i o n . Aroa v i r u s  f r o m  \‘sne znL ’ia and TR 127154 v i ru s
f rom bats in T r i n i d a d  are new group B agen t s .  Ti i l i ge ry Is a new :~ci~’h~~r
of the  Eubenangee group and A i t s  CH 16129 is new to  t h e  Simbu group.  B’ h
are f r o m  A u s t r a l i a .  O t h e r  new v i ruses  i n c l u d e  the  o r b iv i r i i s , CC 668 ;
bunvav i rus  from t icks , MI 19334 ; Ter me i l , Yacaaba , .~u id  PK 886 v i r u s e s  f r ~ i

mosquitoes ; and CSIRO—25 f rom Cu l i c o i d e s — — al l  i solated in A u s t r a l i a .
Another vir us f r o m  t icks in T a n z a n i a , RML 64423—8 appears to  be new.
Viruses wh ich were i so la ted  in a new geographic  reg ion -.~‘( r e  Thogoto f r s . i
t icks , Sango from Culico~~des , Dugbe from b i r d s , A r i n ~~wot f rom rodents ,
and Cermiston from sentinel  mice , all f rom E t h i o p i a ;  Uinbre and 11~ mi r i  f
the f i r s t  t ime in Aus t ra l i a ;  Arumowot from South A f r i c a ;  and Tyulc-n iy  f
ticks of the North A t lan t i c .  Recognition of eleven new rhabdovi ruses
to a complete revision of this family by CF test. Two strains of SLE
isolated by U.S. Army researchers in overwintering Culex were confirmed
as to identity. In all, 86 viruses were identified in 1977.

Development of techniques and models. Techniques to study arbovir s
attachment to neural and non—neural cells were developed as were methods
to demonstrate high salt HA with dengue virus and h A in mosquito tissues
with WEE virus. Animal models for determining pathogeriicity and serolog ic
reactions to i3unyavirus RNA—reassor tnn ts  were es tab l i shed .  Some reassor t—
ants had decreased pathogenicity for laboratory animals.

Serolog ic_surveys . Broadly based surveys of arbovi.rus an t ibody  in
man were carried out with sera from Brazil, Guam , U.S.A., Colombia , ~?est
Irian , Papua, and New Guinea. Evidence was found for SLE antibody in

~:estern Connecticut animals.

~~~~~~~~~~~ j~~_~~~~~ onnect)p~~~. Flanders and Ca l i fo rn ia  group viruses
were isolated from mosquitoes repeatedly .  I sola t ion a t t empt s  f r o m  la rvae
yielded no evidence of t r ansovaria l  t r ansmission  of Flanders v i rus .

Diagnosis of disease. Arboviruses could not be implicated serologica lly
in Parkinson ’s disease , antyotrop hic la tera l  sclerosis, or mul t iple
sclerosis. Lyme disease was associated in d i s t r ibu t ion  wi th  Ixodes t icks
but no agent was isolated from these ticks .

Distribution of re~g~~ ts. The reference center distributed 566
ampoules of referencc. sera, viruses , and antigens during 1977; mosquito
and vertebrate cell lines were also distributed .
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FORE WARD

In conducting the research described in this report, the
investigator adhered to the “Guide for Laboratory Animal Facilities
and Care,” as promulgated by the Committee on the Guide for
Laboratory Animal Resources, National Academy of Sciences —

National Research Council.
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I .. I d e n t i f i c a t i o n  of Viruses  fr o m  Human Outbreaks .

R i f t  \~a_l i ey  fev e r  in Egypt .  J .  Meegan , J .  C n v - r s e , 0 . ‘~-~~od
J. Casals , and R. Shope. Five  v i r u s  s t r a i n s  i so la ted  f r o m  s~-r umn of
patients in the early stage of an acute febri Ic i 1 ]n- ~~; ~~re brought
to YARU b y Dr.  Meegan on October 30 , 1977.  Dr .  Imam Zaghioul Imam of
the  E g y p t i a n  O r g a n i z a i i o n  for  B i o l o g i c a l  and Vaccine P r o d u c t i o n
i n i t i al l y  i so l a t ed  agents  f rom acu te  phase sera , t h roa t  w a s h i n g s , and
b l o o d — c o n t a i n i n g  stool of p a t i e n t s  at the  Zagaz ig  H o s p i t a l ;  Dr .  N~- -ga n
at t h e  N MI RU— II l  L a b o r a t o r y  in Ca i ro  r e i s o l at e d  v i rus  f r o m  f i v e  of
thcse  p a t i e n t s .  A c c o r d i n g  to f r a g me n t a r y  r e -po r t s  a v a i l a b l e  at  the
t ime , an outbreak  of the d isease  was c u r r e n t l y  o c c u r r i n g ,  s i n c e  Septem-
ber 1977 , in an area n o rt h e a s t  of Ca i ro ; the  d is ea s e  had a f f e c t e d
thousands  of persons , and as many as f rom 60 to 300 dt ~a ths  w i t h  h~ m o r r —
hage and j a u n d i c e  had  been a t t r i b u t e d  to t h e  m a l a d y .

A rap id , p resumpt ive  i d e n t i f i c a t i o n  of one of the  s t r a i n s , Eg — ZF 41 ,
was accompl i shed  by CF w i t h i n  30 hours  of a r r i va l  of the spec imens  at
YARU . A s tock suspension , mouse passage #2 , b rough t  f r o m  Ca i ro  was used
as a n t i g e n ;  this stock consis ted of a 10% suspension of i nf e c t e d  newborn
mouse b ra in  t i s sue  in 0 . 7 5 %  bovine p lasma a l b u m i n  in b u f f e r e d  p h y s i o l o g i c a l
sal ine.  The s t o c k — — c a l l e d  u n d i l u t e d — —  was used in t w o — f o l d  d i l ut i o n s
s t a r t i n g  at 1:4. Di lu t ions , beg inn ing  at 1:4 , of immune mono typ ic sera
and of grouping polyvalent  sera or a s c i t i c  f l u i d s , were t es ted  agains t
the  crude ZF—4 1 ant igen and a s imi l a r  con t ro l  ant i gen.  The tes t  sera
or ascIt ic  f l u i d s  were:  group A; group B; group Bunyarnwera ; group
phiebotomus ; polyvalen t  Bahig,  Tete , Mat ruh , M a t a r iy a  and Burg el Arab
viruses ; chikungunya ; R i f t  Valley fever  (RVF) ; Nairob i sheep d i s e a s e ;
Germist on ; and Eretmapodites  147. Onl y the RVF serum reac ted  posi t ively
w i t h  a t i t e r  of 1:16 , aga ins t  the suspension of ZF— 4l d i l u t ed  1:4.

Newborn mice inocula ted  wi th  the  stock on a r r iva l , sickened and were
moribund 36 hours  l a te r .  Ant i gens were prepared by the sucrose acetone
method and by the  f r e e z i n g  and thawing method f rom b r a i n  and l iver  t i s sues ;
an ant igen prepared by acetone  precip i t a t i o n  from the sera of the same
mice agg lu t ina t ed  goose RBC at 1:1024 , pH 5.75.

A CF test wi th  the b ra in  and l i v e r  an t igens  gave the resul t  shown in
Table 1; the t e n t a t i v e  i d e n t i f i c a t i o n  of ZF— 4 1 as RVF was , t he r e fo r e , con-
f i rmed .

An HI test  done simultaneously using serum antigens for ZF—41 and
(‘.ermiston v i ruses , gave the  resul t  i l l u s t r a t ed  in Table 2; not only did
the HI tes t  resul t  coincide  wi th  t h a t  of the  CF test , but  in add i t ion  gave
evidence of the presence of an t ibod ies  a g a i n s t  ZF— 4 1 in the  serum of a
p a t i e n t .

Tn all , sev21~ty—one human sera supp lied by Dr.  Imam through Dr.  Meegan
to YARU f rom p a t i e n t s  of t h e  Zagaz ig  Fever Hosp i ta l  were acetone e x t r a c t e d  and
HI tested for  RVF a n t i b o d y . Most sera were f r o m  the acu te  phase of the
disease and were l a t e r  found v i r emic .  Four (#‘ s 5 , 15 , 16 , 63) had HI
a n t i b o d y ,  the rest  were n e g a t i v e  at 1:10. Thi r ty  of these were  t e s t ed  wi t h
group A and g roup  B an t i gens in the  HI t e s t .  Resu l t s  were as fo l lows :

11

_ _ _ _ _ _ _ _ _ _ _ _ _  - - - -—  



_ _ _ _  
_ _  

_ _ _ _  
________ - -

Semliki 0/30
Sindbis 1/30
Chikungunya 0/30
Getah 0/30
Murray Valley 24/30
Central European TB 15/30
Dengue 2 16/30
Wesselsbron 15/30
West Nile 26/30

Highest titers were to West Nile antigen and were Interpreted as repre --
senting prior exposure to this virus.

Fifty—five of the sera were also tested by CF with RVF brain suci ‘~e—
acetone antigen. Two (Ii ’s 5, 15) were positive. Sera 16 and 63, pos H ve
by HI, were negative by CF.

Electron microscopy of thin—sectioned infected mouse liver and Bl~R—21
cells revealed typical Bunyavirus morphology (Figures 1—6).

Table 1. Complement—fixation Test: identification of strain ZF—4l
as presumptive Rift Valley fever virus.

SerumAntigen ____________________ _______ _______

______________________________ RVF,sheep~ RVF,mouse EMC CHIK 
—

ZP—4l , Brain,sucrose—acetone :321>16 ~32i~l6 0 0
ZF—4l, Llver,sucrose—acetone ~32/)32 ~32fy32 0 0
ZF—4l, Brain,frozen—thawed ~32/ 8 ~32/?16 0 0
ZP—41, Liver,frozen—thawed ~32/ 16 ~32/ 64 0 0
Control, brain,sucrose—acetone 0 0 0 0
Control, Liver,sucrose—acetone 0 0 0 0

First dilution of serum and antigen, 1:4
*Supplied by U.S.Army, Fort Detrick, Maryland

Table 2. Hemagglutination— inhibition Test: identification of strain
Eg—ZF—4l as presumptive Rift Valley fever virus.

Sera* ~~tigen

__________________________________ Eg—ZF—41 [4 unitsl Germiston [ 2 units]

RVF, sheep ~l:l280 0
RVF, mouse 1:160 0
Germiston 0 ~1:640
Zagazig fever, conv.man[#5] 1:640 0
Control, sheep 0 0
Zagazig fever,acute man[#’s 2,9—13] 0 0

First dilution of serum, 1:10
*Acetone extracted. 
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Figures 1—3 Rift Valley Fever Virus, Zagazig strain in BHK—21
cells 48 hours post infection. Figure 1 (40,000 X) shows a typical
Bunyavirus replication complex. RVF virions are being formed in
close association with vesicles of smooth endoplasmic reticulum at
A and B. A virion appears to be budding into a vacuole at C. Figure
2 (47 ,000 X) shows cytoplasmic vacuoles (V) filled with large numbers
of virions. Figure 3 shows the Bunyavirus morphology of RVF virions—
— an envelope with fine spikes (a) and an apparently spherical core
(b). A virion appears to be budding at c. Magnification in figure 3
is 142,500 X. The bar In the lower left of each figure is 100 ~~~~~•
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Figures 4—6 Rift Valley Fever Virus , Zagazig strain in the liver
of a suckling mouse moribund 39 hours after infection . Figure 1
(14,000 X) shows the remains of a cell destroyed in the infection.
One can see the ballooned remnants of mitochondria and some virus
particles. The box A is shown at greater magnification (85,SOOX)
as Figure 5. The bar in the lower left of Fig. 4 is lj~s~. Figure 5
(85,SOOX) shows particles with bunyavirus morphology a spherical

- core (B) and an envelope~ (C). Figure 6 shows two similar particles
(D) in a vacuole near the edge of a cell. A third particle (E)
appears to be attached to the vacuole membrane perhaps prior to budding
into the vacuole. The bar in Figures 5 and 6 represents lOOnm .
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Dr. Shope visited Cairo December 13 and 14, 1977 as a WHO consultant.
Information was obtained from Dr. Imam and other officials of the Ministry
of Public Health and of the Animal Health Institute. The first human cases

- occurred in a six kilometer long irrigated zone of Sharqiya Governate
- bordered on the east by desert and extending north to Abu Hammad ; later

focal outbreaks in man occurred to the south in Qalyubiya Governate and
to the west in Giza Governate , close to Cairo. October and November 1977
were hotter than normal. The epidemic zone supports citrus fruit and
peanut cultivation. Culex pipiens made up almost the entire population of
biting arthropods.

In retrospect , abortion in sheep and cattle was common starting In
July, although this was not apparent on the sixth of October when human
cases were first notified . It should be emphasized that Rift Valley fever
has never before been recognized in Egypt and its clinical manifestations
were entirely new to both the veterinarians and physicians. Hence, it was
not considered in the differential diagnosis of - the outbreak .

It is estimated that 70% of sheep and cattle aborted in the epidemic
area during October. Isolations were made from sheep , cattle, buffalo,
camels , and a horse. At least 20,000 persons weresick.

The typical human illness included fever , rigors, malaise, headache ,
muscle pains, early flushed face and eyes, conjunctival congestion , nausea
and sometimes vomiting. Illness lasted from 2 to 5 days. There were 3
forms of complications: hemorrhagic fever and jaundice , often ending in
death, ocular exudates and macular degeneration leading to blindness, and
encephalitis with mortality in children. No information was obtained on
human abortions.

The epidemic was believed to be arthropod—borne on epidemiolog ic
grounds. Human cases apparently stopped in November after mosquito control
measures were instituted, although animal disease was still being observed .
Four members of a field team developed RVF four days after exposure to
blood of a slaughtered sheep , indicating direct animal to man spread by
aerosol.

RVF disease in animals may also be occurring In Upper Egypt , although
laboratory confirmation is still lacking.

The basic questions of where RVF virus came from, what its epizootiology
and epidemiology are, how widespread it is, and how to control it are still
unanswered or only partly answered.

II. Identification of Virus Strains.

Viruses from Venezuela, Tanzania, Austra1ia~ Cambodia, and Ethiopia.

Aroa virus. I. Mattos, Robert Tauxe, and J. Casals. This agent
appears to be a new group B virus; it was submitted by Dr. J. Castaneda ,
Director, Instituto de Investigaciones Veterinarias , Maracay, Venezuela ,

15 
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under the designation, Ve NA 01809 (Aroa). The strain was isolated by
Drs. Julieta de Siger and Norma Mettler , from a sentinel hamster exposed
at Palma Sola, Yaracuy , Venezuela In 1972; the strain was sent to YARU
in 1976 with the information that it was a group B arbovirus .

A sucrose—acetone antigen, active in the hemagglutination and com-
plement-fixation (CF) tests , was prepared with the strain ; also, an immune
serum was obtained from mice given 2 immunizing injections and an immune
ascitic fluid after 3 Injections . The characterization of the virus has
been done mainly by CF.

a. The group affiliation of Aroa virus was confirmed through the
use of polyvalent immune reagents; only group B polyvalent fluid reacted
with Aroa antigen, none of the other 6 fluids did.

b. A screening CF test was done in which Aroa immune serum (2 in-
jections) in dilutions, beginning at 1:8, was tested against dilutions
1:4 and 1:16 of antigens for all the group B viruses , 52, in addition to
the homologous antigen. The titer of Aroa serum against the homologous
antigen was 1:64; with the other antigens the reactions were either nega-
tive or positive only at dilution 1:8, with the exception of antigens
Alfuy, Bussuquara and Rocio (San Paulo encephalitis) with which reactions
occurred with Aroa serum diluted 1:32 or, partial, 1:64.

c. A series of complete box—titrations, including antigen and
immune serum for Aroa, Alfuy, Bussuquara and Rocio viruses indicated that
Aroa differed substantially from the other agents , as shown in Table 3.

d. Additional CF results using immune ascitic fluids derived from
mice given 3 vaccinating injections are shown in Table 4; and a complete
box—titration comparing Aroa with Bussuquara, the group B virus with which it
had consistently shown the most proximity, is shown in Table 5.

e. It is concluded that, by complement—fixation test, Aroa is a
new virus of group B and that its closest relative in the group is Bussu—
quara.

US—RML—64423—8 (I. Mattos and J. Casals). The strain was submitted
by Dr. Conrad E. Yunker, Rocky Mountain Laboratory , Montana, with the
information that follows. The strain had been isolated from Argas brumpti
ticks caught in Tanzania; its titer had not been affected by exposure to
5—bromodeoxyuridine ; and it was not antigenically related to any of the
viruses available at the RNL.

An antigen and a mouse immune serum were easily prepared in the
laboratory, the serum having a homologous titer of 1:64 or higher. Studies
on the characterization of the virus have been carried out thus far by CF
test. The serum in dilutions beginning at 1:4 or 1:8 has been screened
against antigens in dilutions 1:4 and 1:16. The antigens used in the
screening were for 311 of the 359 viruses listed in the “International
Catalogue of Arboviruses, 1975”; missing in the tests were a number of
viruses which may not be used in U.S. by regulations (for example, African
Swine fever, African horsesickness, Marburg, Nairobi sheep disease, etc.)
or a few that were not available at the moment in our laboratory . A partial
list of antigens used is given in Table 6. All results were negative.

16 
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Table 3. Complement—fixation Test: characterization of Aroa Virus

SerumAntigen ______________________________________________ ______________

_________ 
Aroa Alfuy Bussuquara Rocio

Aroa 128/?256 8/8 8/8 8/8
Alfuy 8/64 256/?256 8/8
Bussuquara 32/64 8/8 128/128
Rocio 16/16 512/64

In this and subsequent tables the numerator expresses the
reciprocal of the serum titer; the denominator the reciprocal
of the antigen titer.

Table 4. Complement—fixation Test: characterization of Aroa Virus

Serum
Antigen Aroa

Aroa 128/? 32
St. Louis 32/?32
Ilheus 16/?32
Rocio 8h32
Bussuquara 64/~ 32
Dengue 1 0
Dengue 2 16/8
US Bat 0
Control 0

Only dilutions 1:8 and 1:32
of antigen used .

Table 5. Complement—fixation Test: relationship between Aroa and
Bussuquara

Antigen Serum

____________ 
Aroa Bussuquara

Aroa 32/512
Bussuquara 64/128 256/256
Control 0 0

0, no fixation at dilution 1:8 of serum
and antigen.

17
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lable 6. Antigens used in screening strains RNL—64423—8 and
Aus MI 19334.

Abu Mina Colorado tick Kowanyama Sf lv erw at e r
Acado Corr i par ta  Kwat t a  Si mb u
Acara Cotia Lagos bat Soldado
Akabane Cowbone Ridge La Joya Sororoca
Amapar i  Dengue 2 Lanjan Sud An 754—61
Anhanga Dera Ghazi Khan Lebomb o Sud Ar 1169-64
Anopheles A Dhori Le Dantec Tacafuma
Anopheles B Dugbe Lone Star Tainiami
Apeu EEE Lukuni Tataguine
Arkonam EgAn 1398—61 LCM Tembe
Aruac EgAn 1825—61 Manzanilla Tensaw
Arumowat EHD—NJ Mapputta Tete
Aus MRM 4059 Eretmapodites 147 Marco Thimiri
Aus Ar 8659 Eubenangee Matariya Thogo to
Aus C 12048 Flanders Matucare Thot t apa l ayam
Aus CR 9935 Gamboa Melao Timbo
Aus MK 6357 Germiston M i n i t i t l a n  T r in i t i
Aus MRM 10434 Gossas Minnal Trivittatus
Bahig Grand Arbaud Mir im Tsuruse
Bakau Guajara MHI. Turlock
Bandia Guama Modoc Ug MP 359
Bangoran Guaroa Mokola Umbre
Bangul Hazara Mossuril Upolu
Bauline Herpes Mt Elgon bat Utinga
BeAn 57949 Hilo Nariva Uukuniemi
BeAn 8438 1 Huacho Navarro Vaccinia
BeAn 100049 Hughes NDV VEE
BeAn 141106 I 6235 Nkolbisson VS — New Jersey
BeAn 174214 I 61—2629 Nola VS — Indiana
BeAn 177325 ibAn 8341. Nyaman ini  Wad Medani
Bertioga IbAn 20433 Nyando Wanowrie
Bhanja IbAn 28946 Okola WEE
Bluetongue IbAn 38918 Olifantsvlei Witwatersrand
Bobia Ichampadi Oropouche Wongal
Bocas len Oyo Wyeomyia
Boteke Ilesha Pacora Yaba — 1
Botembe Irituia Pacui Yata
Bujaru Itaporanga Palyam Yellow fever
Bushbush Itaqui Pata Yogue
Buttonwillow Joinjakaka Patois Caraparu
Bwamba Jos Pichinde Makindu
California Junin Powassan Ug Sq 37317/9
Candiru Jurona Punta Toro EgArT 904
Cap-fm Kaeng Khoi Qalyub Indo 1039
FG Ar 564 Kaini Quaranfil USSR Cq 13
Chaco Kammavanpettai Rabies Ken T 83
Chagres Kannamangalam Reovirus Tettnang
Chandipura Karimabad Rio Bravo EgArT 1147
Changuinola Kenerovo Salehabad Mal P 350
Charleville Kern Canyon SF — Naples EgArT 427
Chenuda Keterah SF — Sicilian Han 70—3—28
CHF—Congo Klamath Sathuperi P 72—4R
CoAr 1279 Koongol Sawgrass BFN 3187
Cocal Kotonkan Sembalam Oita 296

_ _ _ _ _ _ _  

j i



. ~~~~~-- -- 
-

It is provisionally concluded that strain IJS—RML—64423—8 is an
agent ant igeni cally different and unrelated to any of the established
arboviruses and to a few other viruses not transmitted by arthropods .

Aus—MI—l9334 (I. Mattos and J. Casals). The strain was sub-
mitted by Dr. R. L. Doherty , Direc tor , Queensland Institute of Medical
Research , Brisbane , Australia ; information accompanying the strain
was as follows:

The strain had been isolated from Ixodes uriae, collected on
Macquanie Island , Southern Ocean, on November 1975. The strain was
easily maintained in newborn mice , passed through a l0Onm Millipore
filter but with marked loss of titer suggesting a size in the middle
range (possibly a bunyavirus—like or orbivirus—like agent) and giving
equivocal results on intrathoracic inoculation of A. aegypti with
respec t to replication in the insect.

Serological characterization of the virus in this laboratory has
been carried out mainly by CF. A homologous antigen and serum system
was easily prepared , with homologous titers of 1:256 for a serum, 1:128
to 1:256 for an ascitic fluid and 1:256 for the antigen.

a. Grouping ascitic fluids were tested in two—fold dilutions
from 1:8 to 1:64 against dilutions of Ml 19334 antigen from 1:4 to 1:32.
The polyvalent fluids were for antigenic groups Kemerovo , Capim,Palyam,
phlebo tomus fever , Tete , California , VSV , Nyando , Guatna, B, Tacanibe,
Quaranfil and #2, 3, 4, 5, 6, 7, 10, and 12 (see Table 7). All reactions
were negative.

b. Mouse immune serum or ascitic fluid for MI—l9334, with homo-
logous titers 1:128—1:256, were tested in dilutions beginning at 1:4 or
1:8 , against a large number of arbovirus antigens (see preceeding
section , strain US—RML—64423—8); the same antigens used for strain
RML—64423—8 were used for 111—19334 (see also Table 6). The results of
these tests was consistently negative; It is therefore concluded that
111—19334 is an agent distinct from and unrelated to any of the recognized
arboviruses, presumably a new agent. By EM it had Bunyavirus morphology (p.47).

Cambodia M 127/69. ( J. Casals). The strain was submitted by Dr. J.
J. Salaun, sometime Director of the Pasteur Institute, Cambodia; it had
been isolated in that country in 1969, from Aedes nocturnus, by mouse
inoculation. According to information supplied by Dr. Salaun, a HA antigen
prepared with the strain was not inhibited by polyvalent sera or ascitic
fluids for groups A, B, and Bwaxnba, but was inhibited to a high titer by a
Bunyamwera group reagent.

Antigen and antisera for the strain were prepared in this laboratory
and following the lead supplied , the serum was tested by CF against repre-
sentative viruses of Bunyaniwera group and controls. The results of a
test is given in Table 8, which indicates that there is a close elationship
between this strain and Batal or Cache Valley . A complete box— t ration CF
test including 11 127/69, Batai and Cache Valley , is shown in Tab’ 9-;
evidently , M 127/69 Is either Batai or Cache Valley by CF test The
closeness between the latter viruses has been well establisl~- 

- . the
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Table 7. Polyvalent grouping m ouse ascitic fluids : viruses used

in their preparation

#2. Jurona , Minatitlan , MARU 11079 , Camboa , BeAn 141106

#3. Koongol, Wongal , Bakau , Ketapang, Mapputta , Trubanaman , MK 7532

#4. Nyamanini, Uukuniemi , Grand Arbaud , Thogoto

#5. Hughes , Sawgrass, Matucare , Lonestar , Soldado

#6. Marco, Timbo , Chaco , Pacui

#7. Hart Park, Flanders , Kern Canyon , Klamath , Mt. Elgon bat

#10. Upolu, DGK, Wanowrie, Dhori

#12. Okola, Olifantsvlei, Witwatersrand , Dak Ar 1569, Tataguine

literature ; in the present instance, and on the grounds of geographical
considerations, it is tentat ively concluded that  Cambodia M 127/69 is a
s train of Batai by CF test.

Eth Art  3559. (J. Casals) .  A s tra in  submitted by Dr.  Owen Wood ,
NAMRU—5, Ethiopia ; isolated from ~~~~p icepha1us evertsi collected in the
lower Omo River Valley , Ethiopia.  No CF system had been obtained due ,
presumably, to failure to obtain an antigen from infected mouse brain
tissue.

A serum from mice repeatedly inoculated with the virus had been
supplied by NAMRU—5; the serum in two—fold dilution from 1:8 to 1:64,
was screened against antigens for 52 non—group B tick—borne viruses ,
used at dilutions 1:4 and 1:16. The only antigen with which serum
Eth Art 3559 reacted was Thogoto , a liver antigen, with a titer of

~64/>l6. In a subsequent test, the result of the screening was confirmed
(see Table 10). No additional work was done here with the strain ; its
final characterization as a strain of Thogoto was done at NA}1RU—5.

Eg Art 4137. (iI.D.Watson and J. Casals). This strain was submitted
by Dr. J. D. Converse, NAMRU—3, Egypt; it was isolated from Argas arboreus
nymphs collected in Tanzania. The strain had been shown at NAMRU—3 to
belong in the Hughes group and to be close to Punta Salinas.

Antigen and immune sera were prepared by standard methods and the
strain was identified by CF tests.

a. Confirmation of group affiliation was easily obtained ; an
antigen for Eg Art 4137 was tested against seven grouping polyvalent
ascitic fluids for groups B, Kemerovo, Quaranf il—Johnson and #4, 5, and
#9 (see Table 7-). Only fluid #5 reacted with the antigen ; this fluid was
prepared by immunizing mice with Hughes, Sawgrass, Matucare , Lonestar
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Table 8. Comp l e m e n t — f i x a t i o n  t e s t :  i d e n t i f i c a t i o n  of s t r a i n
Cambodia M 127/69 F 

— — — — — — — — — — .  — —

- A nt  i~~~n N 1 2 1 / 6 9  
-

M 127/69 32/128
3uny,t~~ Lra 0
Cache Valley 16/2-16
Batai 32/~ l6

0
Cermiston 0

0
SLE 0
( h R r n i I L va 0 - - -  - —

First dilution of serum 1:8,
of a n t i gen 1:4.

Table 9. Conip l e r n o n t — f i x a t i o n  t i - s t :  id & nt ifi c ~iti on of st r;~in
Cambodia  M 127/69 

-

r ~crumAntigen —

M 127/69 l3atai C:~che V all e y

M 127/69 32/128 256/128 32/256

~atai 16/256 2 5 6 / 2 5 6  32/256
Cache Va l l ey  16/128 128/ 256  64 /256
SLE 0 0 0

Thble 10. Comp l ement—fixation t~ st: identif ication of strain
Eth Art 3559

Serum
A n t i g e n

Eth A r t  3559 ~~ndia

Thogoto , a 64/16 0
Thogoto, b 128/128 AC , 1/32
Thogoto, C 128/64 0
C a r a par u  0 0

~ n r i t n h a  0 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
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and Soldado v i r u s e s .  In a subsequen t  test , the a n t i g e n  was t e s t e d  w i t h
m o n o t y p ic sera fo r  the v i r u s e s  in f l u i d  1/ 5 , w i t h  the  r e s u l t  shown in
Table 11; this test showed that Eg Art 4137 is either Hughes v i ru s  or
a member of the  Hughes group .

b. A d d i t i o n a l  CF t e s t s  comb i n e d  in Table  12 , s h ow ed t h at Eg Art
4137 is i n d i s t i n g u i s h a b l e  f rom Pun ta  Sa linas  and , a l t h o u g h  closel y r e—
la ted  to Hughes and Fa rallon , it is easi ly d i s t i n g u i s h a b l e  f r o m  them.

S t ra ins  Von—PAr 30318 , Ven—PAr 30475, V on—PA n 33382 , Ven — PAn 33571
Ven— PAn _ 33574 , Von—PAn 33733, Von—PAn 33706, and Ven— PAn 34958 (C . C a ld e r o n
and J. Casal s ) .  These s t ra ins  were submi t ted  f o r  i d e n t i f i c a ti o n  by Dr .  R.
Walder , I n s t it u t o  Veneamd ano de Inves t igac iones  C ien t if i c a s  ( I V I C ) ;
PAr 30318 and PAr 30475 had been isolated from mosquitoes , the  r t n n a i n i n g
f rom sen t ine l  hamsters  by i nocu la t i on  f r o m  insect suspens ions  or blood
from hamsters  to VERO cell cul tures .

Immune sera or asc i t ic  f lu ids  were prepared fo r  each s t r a i n , as well
as sucrose—acetone  antigens general ly  from bra in  t issue and in ce r t a in
instances f rom liver t issue . The i d e n t i f i c a ti o n  of some of the  s t ra ins
is still under way. F

Placement in an antigenic group . As antigens became available ,
screenings were carr ied out w i th  grouping polyvalent asci tic  f lu ids ; the
combined results  are given in Table 13. According to these resul ts ,
s t r a in  PAn 33382 belongs in group C , s t ra in  PAn 33706 is as yet  ungrouped
and the f ive  remaining isolates belong in group A.

Strain PAr 30318. An antiserum for this strain was screened against
a number of group A antigens by CF test. The result of the screening
showed that  this isolate was indist inguishable from Una (Table 14),  and
is therefore  provisionally considered to be a s t ra in  of Una virus .

Strain PAn 33382. An ant iserum for  this isolate was tested against
a number of group C antigens , with the resul ts  shown in Table 15. From
these results it would appear that isolate PAn 33382 could be a strain of
either Caraparu or Itaqui; this conclusion was borne Out by the result of
a complete CF box—titration , Table 16. These two viruses are known to be
nearly identical by CF test, but easily separable by the HI test. Un-
fortunately , HA antigens for PAn 33382 and Caraparu were not available at :1
that time ; since, however , it is also known that Caraparu and Apeu viruses
are very closely related by HI, so antigen for the latter was used instead
of an antigen for Caraparu in further efforts to identify PAn 33382. The
result of these efforts is shown in Table 17.

Table 17 shows that the serum for PAn 33382 reacted with a titer of
1/640 with 8 units of Itaqui antigen and only with a titer of 1/40 with 2
units of Apeu antigen. If the titers for Apeu antigen given by the three
sera in Table 17 were converted to their probable titers , had there been
8 units of this antigen instead of 2, the titers of serum PAn 33382 for
antigens Itaqui and Apeu would have been 1/640 and 1/10 respectively ;
those of Caraparu serum, 0, i.e. less than 10, and 1:20; and the titers
for Itaqui serum, similarly , 1/40 and 0.
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Table 11. Complement—fixation test: identification of strain
EgArt 4137

SerumAntigen
Hughes Soldado Sawgrass Matucare Lones tar

EgArt 4137 ~64/~ 64 0 0 0 0
Hughes ~64/?64 0 0 0 0

First dilution of serum and antigen, 1:8

Table 12. Complement—fixation test: identification of strain
Eg Art 4137

Serum
Antigen

4137 P.S. Farallon Hughes Zirqa

EgArt 4137 256/512 512/512 128/256 256/256 16/128
Punta Salinas 256/256 512/256
Farallon 64/1024 512/1024
Hughes 32/512 32/256 64/256 256/1024 8/128

Table 13. Complement—fixation test: identification of 8 straina
from Venezuela

Polyvalezit serum or ascitic fluid
Antigen 

________ ______ _______ ______ ______ __________

Group Group Group Group Group Group Homologous
__________ 

A B C - 
Buny Cal VSV - 

serum

PAr 30318 16/8 0 0 0 0 128/16
PAr 30475 ?64h32 0 0 0 0 0
PAn 33571 ~64/~32 0 0 0 0 0
PAn 33574 ~64/~32 0 0 0 0 0
PAn 33733 ~64/~32 0 0 0 0 0
PAn 34958 ?64/~32 0 0 0 0 0
PAn 33382 0 0 364h32 0 0 ~64h32
PAn 33706 0 0 0 0 0 0
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Table 14. Complement—fixation test: identificat ion of PAr 30318
as a strain of Una

Antigen Serum s r~ AY~
PAr 30318, a PAr 30318, b

PAr 30318 64/16 32/16
Mayaro 0 0
Una 256/~ 8 64/?8
Mucambo 0 0
Aura 0 0
VEE—Florida 0 0
EEE 0 0
WEE 0 0

First dilution of serum 1/8, of antigen 1/4

Table 15. Complement—fixation test: identification of strain
PAn 33382

Antigen Serum
PAn 33382

Apeu 0
Caraparu ~l28/64
Gumbo Limbo 0
Itaqui 64/64
Madrid 0 - -

Marituba 16/~32
Murutucu 0
Oriboca 0
Ossa 0
Restan 0
Nepuyo 16/8, partial fixation
PAn 33382 l28/~64

First dilution of serum and antigen , 1/8
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The CF and HI results are consistent with the probability that PAn
33382 is a strain of Itaqui , or of a virus very close to Itaqui; final
identification of the isolate, however , awaits cross—testing PAn 33382
with both Itaqui and Caraparu by HI or neutralization tests.

Concerning the remaining strains , PAn 33571 and PAn 33574 have been
— found to be indistinguishable by CF test; and with these as well as with

the others,work is being continued.

Table 16. Complement—fixation test: relationship between PAn 33382,
Caraparu and Itaqui

Antigen 
—- 

Serum

_____________ PAn 3382 Caraparu Itaqui

PAn 33382 256/128 16/64 16/128
Caraparu 256/128 16/64 32/128
Itaqui 128/256 16/256 32/25 6
(h~nbo Lit~’bo 0 0 0

Table 17. Hemagglutination—inhibition test: Identification of
strain PAn 33382

Antigen
Serum

__________ 
Itaqui, 8 units Apeu , 2 units

PAn 33382 1/640 1/40
Caraparu 0 1/80
Itaqui 1/40 1/20

Investigation of possible serological differences among strains of
St. Louis encephalitis virus from overwintering mosquitoes. I. Mattos
and J. Casals. Two strains of presumed SLE virus were submitted by Dr.
J. N Dalrymple, Walter Reed Army Institute of Research , Washington, D.C.,
with a request for confirmation of his tentative identification. Further-
more, if the strains turned out to be StE virus, a serological comparison
with other strains of this virus was suggested.

The strains submitted , isolated from Culex pipiens in midwinter were:

Ft. Mifflin: VP—34, SMB—3. (FM).
Ft. Washington: VP—7, SMB—2.(FW).
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Ant igens  were  p r e p a r e d  f r o m  i n f e c t e d  newborn mouse b r a in  t i s S u e by
the sucrose—acetone  method ; bo th  s tr a i n s  readi ly  gave h e mag g l u t in a t iu f
an t igens  wi th  t i t e r s  of time o r d e r  of 1:1600 to 1:6400 , and a pH rati~y
f rom 6 .4  to 7.4, with an optimum between pH 6.8 and 7 . 2 .  These am~~i~~~uu-
were  a Lso ac t .  tve Ln  t iw Ci’ test with I i te r s  1:256 or 1: 5i 2.

Immune sora wer , - p r t - p a r e d  in mice  f o l l o w i n g  two schedule s  of vacci-
n a t i o n , as f o l J . osa .

O n e — i n j e c t i o n  s e r u l t :  m i c a  It’ i no cu l at e d  w i t h  a d i l u t i o n  io—2 of
in L ’c t , a  fll ’i~-~. brain tis c ci..’ . 0 . 3  m l ;  b led ou t  20 to 26 da’.s lat~:r. This
type  of se rum was prepared for FM , FW strainb ; in addition similar sera
are under  p r e p a r a t i on  w i t h  SL I: strains Partori , BeAr 23379 ( a s t ra i n
isolateL in Brazil) and Beilis (a strain isolated in Argent ina ).

Two inj oct ion serum: mice IP in ’cul lr~-d with formt lin inact I var cd
v i ru s  on J .  1, 0 .3  ml l01 ; on dl:.’ 24- 76 , g i v e n  thc- sea l I t I j L  L i e u  o f
fu l ly v ir u 1~ a i t  v i rus , IP i0 1 0.3 ml .  Mice bl c-~’ 8 days : i r t e r  t he  second
inj ection and again , bled out , 32 days a f t e r  the second injer I a. This
type of serum has been p r e p ar -  d w i t h  FM and FW s t r a i n s .

Cn; ir:- t :inri of the ~ro1 i mu i l : I r v  i d e nt i f i c r i t  i o n  w:’ - -; clone by CF t e s t s
the results of which ar,. ~ ~r i c~’ I in T: hii- ~, Id and 9.

In Table 18 is g iven  the  resul t of a s c re e n i . :ld of scra  ao l  i—F M and
a i i t i — F W , 1—in jec t ion , ar ~a u i 1 i  t a n t i g en s  fo r  sevc ral  f l av i v i r use s  mo st:
1 1 kely to givu u i  ak al c m o ~ I a.: . f i b  SLI- ~~ a. Tii0 am ’ t I us a~~re  1 — c d

- in dilutioc-a 1:8, 1: ~d an 1:64; and thm sera in t~a—f oId d ilu t ie ’ ’-;

bed i ’:: ~ a t  1:8.

The r e s ul t  of the t e s t  shove t ha t . on th~ b n s i . s o f ser u -’ I i  t er s , b o t h
FM and FW s t r a ins  are closer to SLE th a i ;  to all o the r  group B v i ru a c s  usc ’d .

A coctp lete b o x — t i t r a t i o n  was next ca r r i ed  ou t  in ‘.chich w ’re included
a nt i gens and sera fo r  FM , FW and SI H ( P ar t o n )  . The sor e  were all  1— nj  oct  11)3
ser a ;  however , the Pa r ton  serum der ived frca guinea p i~~ in r t a ad  of mice .
T u e  r e s u l t  of t i m o  t es t , T , h l  c 19, c l e a r ly  shass tha t  t h e se  t h ree  st e  ns
a rc I f ld  t ii ~ ‘ i ab 1, ~: :iu~ t i~~ . a ives ;  tT~ I . e -se c  t i t e r s  of the ant  i g~:ll’i
v I ca ~~~~~~ ~c: Lb tb  d a i  t en seru ; mui ~ bo a r t r i h  ‘ i t a l ic to the f a c t  th ; t i t
WI:- : .~~~. , i  f r ~~, :‘mi:u a p ,~;

It a j  - r~ tiu ~ re or- that , by CI’ , I c a l  FT are  s t r a i n s  of  SLF vi ru
i t  wa d- .-c .i.d~- ,! to i r i u ~ - m ; C  ‘~~ ; t .  s -  L i m e  t i , ’; iew ’ - -i am ’ . a;~ i :~- ” ic di fI~~i , . a,
w i l e - ’  cr ’ , e r  a W t ’  a r , ’ i ;-

~ n - i  str ain , lL~u r c a : , , in th e k L : e t i c  ItT. te st.
The I’ ;,; ton  st r a i n  wa s  o:~~~ i l a 11 . v isui~ ;i~. , ’i in them U.S.

Th~ t j r :  — III t~ a t  wa a ~d ~~~- ;  deem: m 1 .t,& i for E~.F. vu -. in 1Q6: ~~~~
, ‘

an; 1 ~ 
, em t ’  S- ’~ C ; a J  011101 to~’ vi U 1~ c (RSSi- , V t - f , W~~, S N~ . The

r e-  1~ of a t - ,t  is s v- s: ;  i t r  T i j e  20; the san u~ cd were l—inj e Lio n Sen .

a 20 sl~,s. . tb t a r i L i m ~~n FW is not  as se; itL~ n” atiti - - . for -A~
1” ’ ParLor -i ; thH- . is sb ‘ by ti ’ - i ’ ’t that the F~ scrun. C u ’ : s l e i e ’ u l L l y r i - - m e t s

v m t m  I : - , ’: ’ a- ; wLl H u ’ ’  T I  or  Pa r r a . ’ mm at l ;,~ l -  th - ait h t a -  ha O 1 ,~~, , l ,
Oh . ~~~~~tH ’i ~~~~~~~~ j 0  ~ ; -  e ;j l  ~v it y is a pm0 ~~ - r L y of  i- i’, me . mi H , or o f  thi s
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particular antigen preparation, or associated with the difference in
the numbers of transfers in the laboratory , cannot be stated without
additional work. Insofar as FW strain is concerned , the antigen
employed does not lend itself to the timed—HI test; therefore , no
statement can be made with respect to similarity or difference between
FW and the other two strains.

When Parton and FM strains are compared it is clearly apparent
that at nearly every combination of serum dilution and antigen , partic-
ularly at 1/2 and 2 hours , Parton serum react~ better with its homologous
antigen than with FM antigen ; whereas FM serum reacts equally well with
both FM and Parton antigens. On these grounds , FM and Parton strains
are distinguishable from each other; the explanation of the difference
between these strains is not obvious , perhaps FM has an antigenic deter-
minant(s) that Parton does not have.

When antisera are available for strains BeAr 23379 and Bellis, it
is planned to compare the five strains by plaque reduction test in VERO
cells; and also, to compare FM and , if a better antigen is available,
FW by kinetic—HI with the South American strains of SLE.

Table 18. Complement—fixation test. Identification of strains
FM and FW

Serum
Antigen —

_ _ _ _ _  
FM FW

Ft. Mifflin l28f~ 64 128/?64
Ft. Washington l28h64 l28/~ 64
SLE, Parton 64/64 64/~32
JE, Nakayama 16/64 8/64
Ilheus, original 16/?64 l6/~64
WN, EgAr 101 8/8 16/32
Bussuquara , An4073 8/8 8/8

Reciprocal of serum titer/reciprocal of antigen titer.

Table 19. Complement—fixation test. Identification of FM and FW
as strains of SLE virus.

Immune Serum
Antigen FM FW Parton

Ft. Mifflin 64/256 64/256 32/64
Ft. Washington 128/512 128/256 32/64
SLE, Parton 64/256 64/256 32/64

Reciprocal of serum titer/reciprocal of antigen titer.
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Table 20. Kinetic HI test. Comparison of strains Parton , Ft. Mifflin
and Ft.Washington.

React ion t ime in hours ;_ an t igen____Serum
d i l u t i o n  1/2 2 18

______ __________ 

P FM FW P FM FW P FM FW

Parton , 1/80 16 0 4 32 16 8 32 16 8
160 0 0 0 16 0 0 16 8 4
320 0 0 0 8 0 0 8 0 0
640 0 0 0 0 0 0 0 0 0

Ft. Mifflin , 1/160 16 16 8 32 32 16 64 64 16
320 0 0 4 16 16 8 32 32 8
640 0 0 0 8 8 4 16 16 4

1280 0 0 0 0 0 0 8 8 4

Ft .  Washingt on , l/160 0 0 4 32 16 8 64 32 16
320 0 0 0 16 8 4 32 16 8
640 0 0 0 0 0 0 16 8 4

1280 0 0 0 0 0 0 0 0 0

Uni ts  of HA ant igen inhibited .
0, less than 8 units for Parton and FM; less than 4 units for FW.

Viruses from Austral ia .  G.Woodroofe ,S .Buckley ,  R,Shope. Dr .  Woodroofe
of the Austral ia  National University, Canberra iden t i f i ed  9 viruses from
Australia during her stay as a visiting scientist at YARU, May and June ,
1977.

Tilligery (NB 7080) virus was isolated from Anopheles annulipes at
Nelson Bay and was shown to be an orb ivirus by EM by Drs . Schuagel and
Holmes (Aust. J. Biol. Sci. 28, 425, 1975), related by CF to Eubenangee,
but d i f f e r en t  by NT according to studies of Dr.  R. L. Doher ty .  A comple—
ment—fixation test at YARU confirmed the close CF relationship to
Eubenangee and demonstrated a difference from Pata virus, the other member
of the Eubenangee serogroup (Table 21).
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Table 21. CF relationship of Tilligery virus to Eubenangee and Pata

A s c i t i c  f l u i d sA n t i g e n s  - -

- 
Ti] 1~~~~~y Pata Eul -nangee 

- -

*
‘l ’illigery 64/ 128 8/8 0/0
Pata 8/2 256/128 0/0
Eubenangee 64/8 8/8 4/2
Normal  0/0 0/0 0/0

*
Ant ibod y / a n t i g e n

Termeil virus (BP8090) is one of 6 id e n t i c a l  isolates from mos-
quitoes submitted as a virus unrelated to other Australian arboviruses.
CF tests at YARU using a hyperimmune ascitic fluid to BP 8090 failed to
show a relationship to over 200 anti gens (see Table 6 ) .  A minor cross—
reaction with Batai antigen was not confirmed in repeated tests.

Yacaaba virus (NB 6028) was isolated from Aedes vigilax, and in
serological tests done in Australia was unrelated to 23 Australian
viruses . CF tests at YARU wi th over 200 antigens (Table 6) were negative
using a hyperimmune ascitic fluid prepared in Australia. Yacaaba virus
is presumed to be a new ungrouped arbovirus .

BH2 2193 virus from mosquitoes reacted by screening CF test with
the Turlock grouping ascitic fluid. Definitive grid titrations indicated
a very close CF relationship with Umbre virus of the Turlock group as
shown in Table 22.

Table 22. CF reaction of BH2 2193 virus with Umbre

Ascitic_ f l uids
Antigens

________ 
Umbre BH 7 2193

*
Umbre 16/128 16/128
BH2 2193 32/64 32/64
Normal 0/0 0/0

*
An tibody/ant igen

CC 668 and PK 886, both isolated from mosquitoes , were deoxychola te
s e n s i t i v e, had low t i t e r s  i . c .  in suckl ing mice but  did no t prod uce pl aques
in Vero cells or CPE in BHK 21 cells. Hyperimmune mouse ascitic fluids to
CC 668 and to P1< 886 were non-reactive by CF test with over 200 arbovirus
anti gens (Table 6). These’~ruseS differ from each other and are presumed to
be new mingrouped arboviruses . By EM CC668 is an orbivirus (page 46).
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BW 9038 v I r u s  was I s o l a t e d  from m os qu l  t o e s .  Sc reen ing  CF t e s t s
rcv, , m l  ed a cross—reaction with Wrillal virus w l m i  cli was c o n f i  m e d  in re—
ci t ’ r a c a l  gr id t i t  r a t  ions . T i t e r  of 11W 9038 in baby mice was too low
to c a r ry  out  a s a t i s f a c t o r y  n e u t r a l i ’ : i t i o n  t e s t .  A t t e m p t s  to  adapt
11W 9038 v i r u s  to  BIIK —2 1 ce l l s  ~~~~ re negat i ve .  ‘ I l u l s  v i ru s  is pr u - m-nume d
to  be a strain of W all al virus . ~W9038 d id not p l a q u e  in Vero cells.

WA 9302 was r e p r e s e n tat i v e  of 7 “ i e ;o la t e s ” f r o m  m o s q u i t o  pools in
Au stralia. In Australia , it was de oxycluolate Sef lSI  t I V O , HA negative
and d id  not p r o d u c e  plaques in Vero cells. A reaction with the Boc:as
strain of mouse hepatitis v i ru s  was found in s c re e n i n g  CF t e s t s.  Re-
ci proca l  gr id CF t e s t s  w i t h  the  SDA ra t  corona v i r u s  ( i n d i s t i n g u i s h a b l e
b y CF f r o m  mouse h e p a t i t i s  v i r u s )  showed i d e n t i t y .  T t  is p r & - m - ; u i m e d  t h a t
WA 9302 is mouse h e p a t i t i s  v i ru s .

MD 9177 was an “ isola tet ’ f r o m  a m o s q u i t o  pool. The anti gen was
screened with 23 grouping ascitic fluids and was positive with the
fluid which contained ectromelia antibody. A grid CF titration con-
firmed that ~ffi 9177 is a member of the vaccinia group , indistinguishable
from ectromelia .

Bluetongue virus from Australia. C.L.Frazier with R. Shope. CSIRO—l9
was isolated from a pool of Culicoides collected at Beatrice Hill and
referred to YARU by Drs. H. Standfast , A. Dyce, T.St.Ceorge , and R. Doherty .
In CF tests against the battery of grouping ascitic fluids the CS1RO—19
antigen reacted with two orbivirus fluids, polyvalent Palyam and poly—
valent bluetongue. When the immune mouse ’ sera to CSIRO—l9 was tested
against the antigens of the viruses in the two pos it ive grouping f l u ids
only the bluetongue antigen reacted positively. These results led to
the testing of the CSIRO—19 antigen against a reference bluetorigue (BT 8
strain) ascitic fluid from the WHO reference center and a bluetongue
(BT 8 strain) reference ascitic fluid from the U.S.National Institutes of
Health (Cat. No. U 519—701—562). The outcome of the test (Table 23)
indicates that CSIRO—19 and Bluetongue are antigenically indistinguishable
by CF test.

A high titered CSIRO—19 immune mouse ascitic fluid was reacted in
CF with Orbivirus antigens from the WHO reference collection. Low level
cross—reactions were detected with ep izootic hemorrhagic disease of deer
and Eubenangee viruses (Table 24).

This is the f i r s t t ime bl uetongue virus has been re cognized in
Australia. Subsequent results from Onderstepoort, South Africa indicate
that CSIRO—l9 virus is a new bluetongue serotype , type 20. Recent studies
itt Australia have shown that the infection in cattle and buffalo is
limi ted to the Northern Territory with no evidence to date of apparent
illness in livestock . The finding of bluetongue virus in Australia has
again validated the CSIRO Beatrice Hill surveillance project and has led
to intensive study of bluetongue in Australia.
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Table 23. Cross—reactions of CSIRO—19 and Bluetongue

Antigen CSIRO—19 NIH Reference WHO Reference
_____________ 

Bluetongue Bluetongue

CSIRO—19 128/32* 128/32 32/ 32

Bluetongue 128/16 128/32 32/32

*Reciprocal of serum titer/reciprocal of antigen titer

Table 24. Reactions of CSIRO—19 antibody with Orbiviruses

Antigens CSIRO—19 ascitic fluid

CSIRO— l9
Epizootic hemorrhagic 4
disease of deer
Eubenangee 8

Acado
Palyam 0
Vellore 0

Kasba 0
Kemerovo 0
Tribec 0

- 
Chenuda 0
Mono Lake 0
Haucho 0

Wad Medani 0
D’Aguilar 0
Orungo 0

Lebombo 0
Warrego 0
Mitchell River 0

Pata 0
Corriparta 0
Changuinola 0

Irituia 0
Colorado Tick Fever 0

areciprocal of serum titer
b~~<4
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Viruses from Australia , South Africa , and Thailand. C.L.Frazier
wi th R. Shope. Unidentified isolates were passed in baby mice; a sucrose
acetone extracted baby mouse brain antigen and an immune mouse ascitic
fluid were prepared. Each antigen was tested with the grouping ascitic
fluids listed in Table 25 by CF tests. The viruses from Australia were
submitted by Dr. Ralph Doherty of the Queensland Institute for Medical
Research.

CSIRO—25 was isolated from Culicoldes peregrinus collected at
Beatrice Hill in northern Australia. By CF test it reacted strongly
with its homologous serum but failed to react with any of the grouping
sera. CSIRO—25 remains ungrouped but is still under study.

CSIRO—l was obtained from Culicoides histrio from Beatrice Hill
while Ch 16129 was isolated from Culex annulirostris collected at
Charleville. Both of the Australian viruses reacted with the Simb u
grouping fluid in CF. The CF reactions of the two were examined with
the members of the Simbu group (Table 26); Ch 16129 appeared to be a
new virus distantly related to Mermet, Oropouche, and Utinga; whereas
CSIRO—l was closely related to Thimiri. Further CF testing with CSIRO—l
and Thimiri showed that the two were indistinguishable (Table 27).
Neutralization tests performed in baby mice (Table 28) confirmed that
CSIRO—l and Thimiri were closely related or the same.

SA Ar 13532 was isolated from Culex rubinotus and referred to YARU
by Dr. B. McIntosh of the South African Institute for Medical Research .
Dr. McIntosh showed it to be related to Aruniowot (Table 29 ) .  In the
mouse neutralization test Arumowot virus was neutralized by Ar 13532
antibody but not vice versa (Table 30). This phenomenon could be ex-
plained by either of two hypotheses~ first, that Ar 13532 and Arumowot
are related in a one—way cross; second , that Ar 13532 is a ta ixture of
two or more viruses , one of which is Aruniowot.

BMK 1165—70 was isolated from Culex fuscocephala collected at San
Sae, Chiang Mai Valley, Thailand. The virus was submitted by Walter
Reed Army Institute of Research , for identification. The initial at—
tempt to prepare a mouse brain antigen was not successful. However , a
BMK 1165—70 immune mouse ascitic fluid reacted with antigens of Sango,
Aino and Shuni viruses from the Simbu group . Further studies are in
progress.

Tick—Viruses from Connecticut, Norway, Senegal, and South Africa.
A. Main. Ar—159—77 and Ar—232—77 were recovered from ticks—Ixodes
dammini and Dermacentor variabilis, respectively — in Connecticut during
1977 , details on the collection and isolation of these strains are
presented elsewhere in this report (Tables 63, 65). The two isolates
were identical by CF but failed to fix complement with any of the
antigens and/or specific or polyvalent ascitic fluids listed in Table 31.
Subsequently , they were identified as mouse hepatitis virus.

Fin V—724, a group B isolate from Ixodes uriae in Norway , was sub—
mitted for identification by Dr. P. Saikku of the University of Helsinki.
This isolate was identified by CF, HI , and NT tests as a strain of
Tyuleniy virus (Table 32). This isolate extends the range of Tyuleniy
to the Atlantic being previously reported from the Pacific (both Asia
and North America) and the Arctic (Europe) Oceans.
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Tabl e 25

Grouping Ascitic Fluids Used in Attempts to Group Unknown Viruses

Group A Polyvalent Polyvalent
Group B Rabies Navarro
Group C LCM Triniti
Group Bunyamwera Herpes Aruac
Group California Vaccinia Pacora
Group Kemerovo NDV
Group Phlebotomus Polyvalent
Group Sakhalin Polyvalent Upolu
Group Tacaribe Congo Dera Ghazi Khan
Group VSV Hazara Wanowrie
Group Cuama Ganjam Dhori
Group Simbu Dugbe
Group Capim Bhanja Polyvalent

Okola
Polyvalent Groups Polyvalent Olifantsviei
Anopheles A Patois Witwatersrand
Anopheles B Zegla Bobia
Turlock Shark River Tataguine

Mirim
Polyvalent Groups Bertioga Polyvalent

Bwamba Jurona
Nyando Polyvalent Minatitlan
Mossuril Bahig Camboa

Tete MARU 11079
Polyvalent Groups Matrub BeAn 141104
Koongol Matariya
Bakau Burg El Arab Polyvalent
Mapputta EgAn 1398 Palyam

Vellore
Polyvalent Polyvalent Kasba
Marco Nyamanini Eubenarugee
Chaco Uukuniemi CorriparLa
Tltnbu Grand Arbaud Acado
Pacui Thogoto Pata

D ’ Aguilar
Polyvalent Polyvalent
Al ni piwar Hughes Polyvalent
Belmont Sawgrass Bluetongue
Charleville Matucarl Epizootic Hemorrhagic
Japanaut Lone Star Disease of Deer
Joinjakaka Soldado IbAr 22619
Kowanyama Changuinol a
Wallal Polyvalent Iritula
Warrego Hart Park Colorado Tick Fever
Wongorr Flanders

Kern Canyon
Polyvalent Klamath
Johnston Atoll Mount Elgon Bat
Quaranfil -

Kaisodi
Lanjan
Qalyub
Silverwater
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Tab le 26

CF Reactions of c~~1 RO — l and Ch l~~l 29 w i t h v i r u s e s  of ( l i e  S i m b u  Group

Mat erial reacted w i t h  A n t i g e n  or A n t i b o d y\ i rus
Ant igi Tis . -A s c i t i c  t h u d s  Sc ra A n t i gen sor ~~~~~ ~~~~~~~~~~~ — .- -— —  - — _ _ . — 

Antibodies CS I R O— 1 Ch 16129 CS L RO — l Cii 16129 C S T T W 1 Ch 16129

‘lermet 8a 8 8 0 0
Oropouche Ob 8 0 8 0 8

Thimirl 4096 0 nd nd 8192 0
Utinga 0 8 0 lb 0 0
Ma nzan il la  0 0 0 0 0 0

Buttoriwillow 0 0 0 0 0 0
Aino 0 0 0 0 0 0
Akabane 0 0 0 0 0 0
Sathuperi  0 0 0 0 0 0
Shuni 0 0 0 0 0 0
Sango 0 0 0 0 0 0
Sabo 0 0 0 0 0 0

Simbu 0 0 0 0 0 0
Nola 0 0 0 0 0 0
Yaba l 0 0 0 0 0 0
Shamonda 0 0 0 0 0 0

CSIRO— l 4096 0 ~128 0 — — — —

Ch 16129 0 2048 0 ?~128 —— — —

Simbu grouping —— —— -— —— 32 32

fluid

a 
reciprocal of serum titer .

b
4

nd = not done.

33

. . - • ~~~~~~~~~~ ~~~~~~~~~~ - --. 
~~~~

~ y ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~—--- - -._- -  -
~~~~~~~~~~~

Table 27. Cross—complement—fixation test between CSIRO— 1 and
Thimiri

Ascitic fluid
Antigen
________ 

CSIRO—l Thimiri

*
CSIRO— l 4096h256 8192/?256

Thimiri 4096h256 8192h256

*reciprocal of serum titer/reciprocal of antigen titer.

Table 28. Neutralization test in mice: Identification of
CSIRO—1 as Thimiri

Virus

CSIRO—l Thimiri
Ascitic 

____________________ _________________________

fluid

-_______ 
Titer Log NI Titer Log NI

8 4  5.3
Normal 10 10

1.5 2.4
CSIRO— l ~lO ~6.9 10 2.9

Thimiri lO
3
~
1 

5.3 10
2.7 - 2.6

Table 29. Cross—complement—fixation test between Ar 13532 and
Arumowot

Ascitic f l uidAntigen
___________ 

Ar 13532 Arutnowot

*
Ar 13532 5l2/~ 32 8/256

Arumowot 5l2k32 8/256

*reciprocal of serum titer/reciprocal of antigen titer.
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Table 30. Neiit r a i l ’  at.  I on t e s t  in mice. Arumowo t vs. Ar 1 3532

Vi rui s

A s c i t i c
f l u i d  Ar 13532 Arumowot

Titer J ~~J ~J Ti ter Log NI
8.5 8.5

Normal 210 310

3 2 4.8
Ar 13532 10 35.3 10 33.7

5.5 probably 4.9
Arumowot ~10 -�3.O 10 33.6

Fou r strains of vir us were recovered f r om Orn ithodor os capen sis
group ticks collected at Langne—de—Barbarie , Senegal from a gull colony .
All four isolates were identified by CF as strains of Soldado virus
(Table 32).

SP. Ar—159O8 was submitted to YARU for identification by Dr. B.
Ncln tosh of the South African National Institute for Virology . The
strain was recovered from Ornithodoros ticks collected at Lamberts
Bay , Cape Town and identified by CF as Soldado virus (Table 33).
Soldado virus has now been reported from Trinidad (Caribbean), Wal es
(North Atlantic), E thiop ia (Lake Shalla), Senegal , and South Africa.
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Table 31. Antigens and/or Ascitic Fluids used in CF tests with
Ar—l59—77 and Ar—232—77

Aruac Mapputta
AusMK 5325 Matariya

Ma t ruh
Bahig Modoc
Bakau Mossuril
Bandia Mount Elgon Bat
Bhanj a
Bluetongue Navarro
Burg el Arab Newcastle Disease
Bwamba Nyamanini

Cache Valley Okola
Changuinola Olifantsvlei
Chobar Gorge
*Clethrionomys gapperi virus Pacora
Colorado Tick Fever Powassan
Congo—Crimean Hemorrhagic Fever
Cowbone Ridge Quaranfil

Dak 1569 Rabies
Dera Ghazi Khan
Dhori Sapphire II
Dugh’e Sawgrass

Si lye rwa t e r
*Eastern Equine Encephalitis *Snowshoe Hare
EgAn—l398—61 Soldado
Epizootic Hemorrhagic Disease of Deer St. Louis Encephalitis

*Flanders Tataguine
Tens aw

Ganjam Thogoto
Grand Arbaud Triniti

Trivittatus
Hart Park Trubanaman
Hazara Tyuleniy
Herpes
Hughes Upolu

Uukuniemi
IbAr 22619
Irituia Vaccinia

Vesicular stomatitis—Indiana
*Jamestown Canyon Vesicular stomatitis—New Jersey

Kaisodi Wad Medani
Kern Canyon Wanowrie
Keterah *Western Equine Encephalitis
Keystone Witwatersrand
Kiamath Wongal
Koongol

Group California
Lone Star Group Hughes
Lytnphocytic choriomeningitis Group Kemerovo

Group Sakhalin
Group Uukuniemi

*local antigens.
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Table 32. CF , HI , and NT Tests comparing FinV 724, Tyuleniy (LEIV bc),

and Saumarez Reef (CSIRO—4) viruses.

Complement—fixation test:
An tibody

A n t i gen F InV—724 Tyu len iy  Tyulen i y CS IR O—4
(MAF) (serum A) (serum B) (MAF )

Fin V—724 128/128 64/256  32/128 32/32

Tyuleni y 128/128 64/32 32/32 16/4

CSIRO—4 128/32 64/32 16/16 128/256

Reciprocal of serum titer/reciprocal of antigen titer.

Hemagglutination—inhibitlon test:

An tibody

Antigen FinV—724 Tyuleniy Tyuleniy CSIRO—4
(serum A) (serum B)

FinV—724 2560 320 320 160

Tyuleniy 320 160 80 40

CSIRO—4 1280 640 640 640

Reciprocal of serum titer

Neutralization tests (suckling mouse):

An tibody
Virus FinV—724 Tyuleniy Sauinarez Reef Normal

____________ _____________ 
(USSR—LEIV 6c) (Aus CSIRO—k)~~~

____________ 
LLD50 LNI 

- 
LLD~ p LN~ — LLD 50 i~r LLD 50

FinV—724 2.4 4.6 3.4 3.6 5.4 1.6 7.0

USSR—LEIV 6c 3.1 4.7 3.1 4.7 7.8

Aus CSIRO—4 6.0 2.2 4.4 3.8 8.2
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El Delerio virus_ m V ~ ne~~i~j~~ S. H f ld r et h , C. Roze , and R. Sh ope.
A s t r a in  of EEE v i rus  f rom Venezuela  ua~ r e f e r r e d  fo r  s u bt y p ing by D r .  J .
Castau~ da of Maracay. CF and HI tests confirmed that El De]erio virus
was more closely related to EEE than to other group A viruses. TILe CF
test indicated that El Delcrio hyperimniune ascitic fluid reacted to
hi gher ti ter with an Argentina EEE strain than with the Ten Broeck strain
(Table 34). An HI test confirmed the easy differen tiating of El Deleri-o
from North Amcrican EEE strains (Table 35). By N test , El D’jlerio virus
was neutralized 3.8 log LD50 by EEE (Ten Broeck) ascitic fluid.

Table 34. CF test with the El Delerio strain of EEE virus

Antibody
Antigens El Delerio

El Delerio 256
EEE (Ten Broeck) 32
EEE (Argentina) 128
WEE 16
VEE 16

Table 35. HI test with the El Delerio strain of EEE virus

An tigens
EEE BEE

_________________ El Delerio (Ten Broeck) (Massachusetts) WEE SLE

El Delerio 320 80 20 0 0

F EEE (Ten Broeck) 80 1280 640 0 0

New group B virus from Trinidad Chilonycteris bats. A. Porter ,
C. Roze , R.Shope. TR 127154 virus was referred by Dr. John L. Price of
the Trinidad Regional Virus Laboratory . It was isolated from pooled
brains and salivary glands of 6 Chilonycteris rubiginosa captured in
Tomana cave 12/09/73. Dr. Price observed low—titer CF reactions of
TR 127154 antigen with NIH group B ascitic fluid , but could no t conf irm
the rela tionship. CF tests at YARU with a battery of group ing reagen ts
failed to group TR 127154 ~‘irus . A hemagglutinating antigen with optimal
pH of 6.4, however , was inhibited by acetone extracted ascitic fluids of
group B and West Nile (Table 36). Another test with antigens of group B
viruses and TR 127154 hyperimmune ascitic fluid confirmed the group B
relationship and indicated greater cross—reaction with antigen of
Montana Myotis leukoencephalitis virus than with other agents in group B.
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Table 36. HI relationship of TR 127154 virus with group B.

Ascitic fluid Titer

yellow fever <10
Cedros <10
Dengue 2 <10
West Nile 20
TR 127154 , Tap 4 3160
phlebotomus group (NIH) <10
Candiru <10
TR 127154 pool 3160
Rio Bravo <10
Naples <10
ph lebotomus group (YARU ) <10
Group B 20
St. Louis <10

Viruses from Ethiopia. 0. Wood and D. Winograd . The Naval Medical
Research Unit #5 submitted for identification, viruses isolated from
arthropods and animals as part of a broad ecologic study of disease in
Ethiopia. Most of the hyperitnmune mouse sera and antigens were prepared
in Ethiopia prior to the termination there of laboratory activities in
April, 1977.

Antigens of eleven strains reacted with the group B grouping f luid
by CF:

Eth An 1334 Bird
Eth An 3307- Bird
Eth An 3662 Bird
Eth An 4152 Bird
Eth An 4766 Bird
Eth An 4769 Bird
Eth An 4811 Bird
Eth An 4733 Bird
Eth An 4767 Bird
Eth An 4768 Bird
Eth Ar 4698 Mosquitoes

Sera of seven of these viruses were further reacted by CF with 19
antigens of group B viruses including those known to be in Africa. In each
case the highest titer was to West Nile antigen with lesser reaction to
Usutu, Japanese encephalitis, Zika and Israel turkey meningoencephalitis
viruses. Table 37 shows reciprocal CF test results of grid titration with
West Nile antigen and antibody. In addition, Eth An 4733 , Eth An 4767 ,
Eth An 4768, and Eth An 4698 reacted by CF to titer with West Nile serum.

In plaque reduction neutralization tests with the Egypt 101 strain of
West Nile virus, sera of Eth An 3307, Eth An 3662, Eth An 4152, Eth An 4811,
Eth An 4766, and Eth An 4769 gave 50% or greater reduction at >1:512. In
addition the titers of Eth An 4733 , Eth An 4767 , and Eth An 4768 were
reduced 2 or more logs by a West Nile reference serum , thus confirming the
identification of these strairs of West Nile virus.

40

-- - —

~

-— - -



Table 37. CF react ions between West Nile and viruses from
Ethiop ian b i rds

WN 1334 3307 3662 4152 4766 4769 4811

L?~~i~_ 256 >512 512 256 512 64 64

1334 1024 128

3307 1024 >512

3662 1024 256

4152 1024 256

4766 1024 256

4769 1024 64

4811 1024 32

Normal 0 0 0 0 0 0 0 0

*Reciprocal of serum titer.

Seven strains of virus from sentinel mice exposed 12 through 30
November , 1976 in Bulaka Forest on the eastern shore of Lake Maguerita
had similar incubation periods; antigen of one of these viruses , Eth An
4865 , Eth An 4867 , Eth An 4870 , Eth An 4873 , Eth An 4874, and Eth An
4876 were shown to react by CF (1:128) with C.errniston ascitic fluid
(homologous titer 1:128) and are presumed to be strains of Germiston virus.

Eth Ar 2316 was isolated from Culicoides. CF tests in Ethiopia with
group ing fluids placed it in the Simbu group ; another test done at YARU
(Table 38 ) showed it to be closely related to Sango and Shuni viruses.
Sango and Shuni viruses are separable by HI but not by CF. A sucrose—
ace tone extrac ted mouse brain an tigen failed to hemaggl ut ina te using
standard 0.15 M NaCl—phosphate buffers ; however , using 0.4 M NaC1-phospha te
buffer a titer of 1:64 at pH 6.0 was obtained. HI test results (Table 39 )
identified Eth Ar 2316- as a strain of Sango virus , the f i rst tine this
agent has been recognized from Ethiopia.
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Table 38. CF reactions of Eth Ar 2316 serum with Simbu
group antigens

Eth Ar 2316 serum Eth Ar 2316 serum
Antigens Antigens

*Eth Ar 2316 256 Simbu 64
Sabo 128 Sathuperi 64
Utinga <8 Manzanilla <8
Buttonwillow <8 Sango 512
Oropouche <8 Shainonda 64
Yaba 7 64 Shuni 256
Akabane 64 Thimiri <8

*Reciprocal of serum titer.

Table 39. HI reactions of Eth Ar 2316 and Simbu group viruses

Antibody
Antigens

Eth Ar 2316 Sango Shuni Akabane Sabo Sathuperi Shamonda Simbu

Eth Ar 2316 80 40 <10 <10 <10 <10 <10 <10

Sango 80 80

Eth An 798 and Eth An 808 were isolated from Arvicanthis niloticus
(the Nile rat). Antigens of these two viruses reacted by CF test in
Ethiopia with the phlebotomus fever grouping fluid. At YARU serum of Eth
An 808 (homologous CF titer 1:32) reacted 1:32 with Arumowot, 1:16 with
Naples and <1:8 with Karimabad , Sud An 754—61 and Sicilian antigens. Sub-
sequent grid CF tests showed Eth An 798 and Eth An 808 to be strains of
Arumowot virus (Table 40 ), or very closely related.
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Table 40. CF t e s t s  of Eth  An 798 and Eth An 808 w i t h  Arumowot  v i ru s

Ant  igen
Eth An 798 Eth An 808 Aruinowot

Eth An 798 32/256 64/>256 8/128

Et h  An 808 32/64 64/>512 32/>512

.\ruinowot 32/512 256/>512 32/>512

0/0 0/0 0/0

Eth An 4731 , Eth An 4732 , and Eth An 4734 , Eth An 4735 , Eth An 4736 ,
Eth An 4737, Eth An 4738, Eth An 4739 , E th An 4740 , Eth An 4741 , Eth An 4742,
Eth An 4743 were isolated f rom organs of birds col lec ted  d u r i n g  1975 a t  I~oka ,

- Ethiopia . These viruses were i nd i s t i ngui shab l e  by CF test  inter so. Antigen
of Eth An 4731 was chosen as r epresen ta t ive, and this an t igen  r ea c t e d  w i t h
the  group ing f l u id  con ta in ing  Congo , Dug be , Canj am , Bhanja , and I l azara
antibody.  Test ing with individual  an t igen  or sera revealed a c lose  CF
relationship of Eth An 4731, E th An 4732 , Eth An 4734, Eth An 4735 ,
Eth An 4736 , Eth An 4737 , Eth An 4738 , Eth An 4739 , Eth An 4740 , Eth An
4741 , Eth An 4742 , and Eth An 4743 wi th  Dugbe virus .

Sero~~~~~~~~~~~~a~~~i f i c a tio n _of rhabdovi ruses .  C. L . F r azi e r  and
R. Shope. Several newly recognized  rhabdovi ruses  v i s u a l i z e d  by EM by
Dr.  F. Murphy,  CDC , Dr. A. El Mekki , I n s t i t u t e  fo r  Tropica l  Medic ine ,
Antwerp , Dr.  N. Stanley , Per th , Aus t ra l i a , Dr .  F. Pinheiro , Belem , B r az i l
and at YARU have been included in a s tudy  to compare all  known rhabdo—
viruses  of ve r t eb ra te  animals by comp l e m e n t — f i x a t i o n  t e s t .  The s tudy  is
not yet complete. Sucrose acetone extracted mouse brain antigens and 4—
inoculation mouse ascitic fluids were compared in screening tests using a
1:4 dilu tion of antibody and 1:4 and 1:40 dilutions of antigen. Homologous
CF titers were 1:64 or greater for ascitic fluids except for Marco (1:32),
Flanders (1:8), and BFN 3187 (1:8). The viruses and their group ings are
listed in Table 41 . Cross—reactions not previously reported were found
between Piry antibody (1:4) and New Ninto antigen ; Mt. Elgon bat anti-
body (1:4—1:16) and rabies , Mokola , and BeAr 185559 antigens . The speci-
ficity of these reactions is not yet established . Tests with Yata ,
Keuraliba , Parry Creek , Kimberly, and Kununurra viruses are not yet done.
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- Table 41. Rhabdovirus Serological Classification

Group Virus

VS VS , Indiana
— Cocal

VS , New Jersey
Piry
Chandipura
Isfahan

Rabies Rabies
Mokola
Lagos bat
Duvenhage
Obodhiang
Kotonkan

Hart Park Hart Park
Flanders

Timbo Timbo
Chaco

Kwatta Kwatta
BeAn 157575

Mossuril Mossuril
Kamese

Sawgrass Sawgrass
New Minto

Un grouped Joinj akaka
Barur
Kern Canyon
Oita 296
BFN 3187
Mt. Elgon bat
BeAr 185559
Porton S 1643
Kiamath
Navarro
Marco
Yata
Keuraliba
Parry Creek
Kimberly
Kununurra
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Figure 7. Thin—section electron microscopy of Aus GG668 virus.
The spherical particles are 70 nm in diameter and contain an
electron dense nucleoid characteristic of orbiviruses.
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I I I .  Dcv~~l o 1mn-nt of arbOV i  rus t e chn i ~j~u-s and i rus ::odels

*
Attac hm ent of a rbov i ru se s  to n eu r a l  and n o n — n eu r a l  cel ls  i n  v i t r o

A. Sm ith  and C. Ti gnor .  Two l abo rato ry  ob- -~-rva t ions have led  to t h e
deve lopment  of a mpdel wher eb y the p h e n o m e n o n  of n eu r o v i ru l en c e  may he
studied in vitro :

1). When the ability of several neurotrop ic arboviruses to i n f e c t
mouse neuroblastoma cells was compared with that of serologically indis-
tinguishable vaccine , avirulent or viscerotropic strains at several nilti—
plicities of infection , it was found that these neuronal cells were high ly
sensitive to infection by netirovirulent strains , while they were either
non—permissive or marginall y so to the non—neurovirulent variants (see
‘i ARU 1976 Annual Report , p. 71—72) .

2). Miirine neuroblastoma cells in culture , wh ich express both con—
stitutive and differentiated , that is, neuronal , functions were highly
sensitive to infection by rabies virus (1) which is essentially entirely
neurotrop ic in its pa thogeiiesis. Most other continuous cell lines do
not support rabies growth to hi gh titer.

Specific host and tissue trop i sms of arboviruses both in vivo and in vitro
have been documented but not explained . Since cell culture reactions
uncomplicated by immunologic reactions now exist to study both the insect and
vertebrate phases of the arbovirus cycle as well as the neuronal affinity
of some arb ovir uses , the role of attachment in virus restriction and
permissiveness is bei ng investigated using variant strains of the same
virus which express different tissue trop isms in vivo. The virus strains
chosen for these studies are the mouse avirulent prototype Alphavirus ,
Sindbis (EgAr 339), and a neurovirulemt variant of Sindbis , SaAr 86. The
neurovirulent strain was isolated in South Africa from Cuhicine mosquitoes
and was ~idapte t to kill adult mice by intracerebral serial passage (2).
One reason for choosing Sindbis virus as the model for this study is that
immunosuppressed mice infected with the avirulent strain do not die (3),
suggesting that its lack of virulence may be associated with a replicative
event. The focus in this study is on adsorption in the replicative cycle
because the possibility of in tervening in viral rep lication at attachment
may be somewhat less complex than at some other stages ; it is likely that
naturally occurring blocking agents can be found , and it is probable tha t
host cells have not evolved a special set of receptors for viruses (4).
The methods us ed to q u a n t i t a t e  adso rp t i on  are based on enzyme k inet ics
and have been used in o the r  virologic studies (5 , 6) .  The cell lines used
and (h e i r  origin are: CER f i b r o bla s t —h i k e , probably hams te r

C6 ra t glial
L92 9 mouse f ib roblas t
NT16 mouse neuron
N4 mouse neuron
Nl8 mouse neuron
Aedes alb opictus mosquito
Tadar ida br asiliensis ba t lung

*
This project was supported in part by NIH Crant 5—ROl—Al 12541.
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l i u u  it id j i -n i t lu t ! ~ Si~~ 11 ri ~ V I  ( i S  ; l t  i l u m ;  L I V e  b u I l d  - i n  ii) 1 -  - ~ i I - l i p
H4 - k i t  I - ;  i f  i i  1 ‘ u  -~~ 0 - s I  h )  1- i - - u  - - m m ’  I i -  n - l I t  I , - i ~ f u r

it  i :a I i t t u l i i i 4 r i t .  A t \ 1 - i c- - u 1  i l - cu -  l u u r [ h u -  n a t -s of  - t  t : o i l I , l i t  p l o t  , -d
u n m r t m l ~~t t~~~~m i s  -m mii i n i - ’i l u l 9 .  Pi — u c u i n i o d  u m l o l . V u - r  I n  t ’ii 0 u n  l i~ k
iii t~~~- s ; : - in- La - -~~~- t  - 1  at~ ‘i ° C ‘.i’ i t h  r i i i o - - 1 u l ’ l l d V l  i n ! - . u t  l w  l a p - i t  i i i  I i —

p l i c i t . A t t i l e  i t i c t t  1 t s , t l ~~- l u l l  - - I - - --  m i n d  v i m  -. r m u r m  i u ~~~ ‘ u - u i  u t i d  t t i o
:4 ’l 1 0 0:1. -d . 

~
“ ~~ - - - I OH I u i  1 - ui  I 10)1 i i  in n  O l I !  - nu~ hi lii i - - ‘ u - j O  . u - u i  LU

- I - nO [l ie  0 t ui t i l l  ‘ -o 1 . d  v i  r u s  l i t :  a t  I - ii u n i t  t u t  1 1 , - t i  is -, I r - ’ s  to
- - p L y  p 1- i n s a l i - t n . s n- us :iog i i p il - ulo. Au t d r u - i i t  n o t e  ( - u n~~~t m l l t s  V ( n u l l  1 i ( l
Huj i~ t h e  f o c r r l i , k l n  (Vo/Vt)/nt , - ‘ h - r u -  Vo - - l i u p ’ i t  virus O i l ’ i t r u t i -  - : , V t  =

‘ n i - u t  I - -  l i e d  ~ i n u l s  u t  t i cr- t , r a ul  a I I :  ‘ l l - - l ) u r o f  i~-st ~-~- l 1; ; - u - r u i  u I
a t t n  I . .  - - at  l O u l I l I r l . t ’1 u j I : l m r ; n ’ ~n , t h a t  i n , - h e r e  t h e  r a t e  c o ns  ~u i i t  - i -s ut

J m : r - pe w i t h  t i r e , Ira;; nc- - u  Li -cl fo r  u t l m u u ’ - - - n t  i f  b a t h  s I  ran; ; to  !( - , l . :~ 9 ,

:~I Cl -~R c el l  L ) p es  by 3 h o u r s .  ‘titus , al l. n 1- si -q uu- nt a l t . n t t : - f l i~ u t  I t  S

as ‘‘ u q t u i l i b n i u ; n ’’ wv -r e  pi - n f o r - - u - d  f o r  3 h o u r s  a t  4°C. I I 
- i - r n  that n,~bi ’s, ~-;lSterfl e l p i m n o  - n v - ~-Lai ILLs , and S t .  1 , 1  I - ;  c u - - - - - t i  i t l s

Vi a ls  n - i n t l  ur q u i l  ti -r i urn it  an 1 - m l n i er  I t am e t i l a n  t b -  i lLis n t  r u  ‘;; (i n

not u mc u ’..ni )

Ta t ;le  42 i l l  j i — i t r a t e s  the  e f f , a u - t  of vary ing virus dii w i l t - s oil t o
equ i l ib i - i i i m n  f l t t m I c t ;uu - f l t  rates of Lh -~ two S inih i s strains , glen n hr : .  ru i~~fl

o r  t i , c c t  c o i l s , to hE R c e l l s ;  i I -  -n  c u t e  con st alts rc floct ‘ . -:- - u u f ~~: l i L y

of I- i in dtii g. I t  can be soon that p t  i : n m  r a u r u l i t i ’  is for a i  1 : 1
- l - - p - u u d c n t  both on t h e  v i r u s  s t r a i n  and cell t ype  used for p~~:.- - ::- ~~~~~
“ i n n s  g r o a n  i n  i i i a n  cells a p p e a r s  to ho more f a s t  i u l ~~ou is i n i t s
requii- ur -ri - it s for attachment.

Cti\- ,-n the attaclm: : eitt data presented in [‘able ~2, 0 :-pc -ri it s wor e lone
to de t - r i  ic whether these results could be ru:proiiiiced by infect iv i  Lv - 5 5 5
(Table 4 3 ) ,  r e a l i z i n g  t h a t  i n f e c t i v i t y  asSays :s-n:u ure s tep s  in t h e  i c p l i c a —
L iv e  c y c l e  in a d d i t i o n  to a t t a c h m e n t .  The only u -nrrolation i - u n t~~~ cn t h e
r i f t  ruurhcc- nt and in f e c t i v i t y  assay d a t a  was , in f a c t , the e f f e c t  of C~~

( ’ l - r  On

F-~Ar  339. We c o n c l u d e  t h a t  the rep l i c a t iv e  ev ILs  su b n c - q u c - n t  to n h

iv h ave  d i f f c - r e n t  requi  re : : i ’u ts  f rom those of at: L m r : h -e nt  , as has 1 : 0  - - 1  i ’ m
t or the p i cu - u r n a v i r i l s e s .

The r a t e  of S indbi s  v i rus  at  t a C h u l l t i n t  was s t r a in — d e p en d - - nt  ;-:l ;en th e  t w o
s t r a i n s  were p ropaga ted  and a t t a c h e d  to the  sane ce l l  l ine  (Tabl e  -‘ 2 ) ;  the
rates fo r  s i n g l e  s t r a i n  a t t a c h e d  to d i f f e r e n t  cell l ines n’cm r uu next i r ’ o s t i —
g - i t e d . The e q u i l i b r i u m  r a t e  c o n s tan t s  f o r  EgAr 339 grown in CER c e l l s  and
a t t  n u : h e d  to CER and to C6 c e l l s  lu re  sh own in Table 43. O p t i m a l  m u t t  m u n l i : r u -n t

to CER cells occurs  wi th  a hi gh sa l t  c o n c e n t r a tio n  and in the p r - s c - a c e  c f
Cad 2 . In c o n t r a s t , at t a c - h ”ue nt to C6 cells shows little salt dependence ,
greater pH dependence and a decreased rate in the presence of fetal calf
sir rum.

r - ; h i e  ‘H shows L h t a t  SaAr 86 attaches more effi ciently in t h e  pr o— m u- tir e

of ~h i - - ; r i C f l t  c a t i o n - s  ari d th at a t t a c h m e nt  of both S i l u f l i l S  s t r a i n s  i s  i n h i h i  ted
by the  p r i - s e n c e  of f e t a l  calf  se rum in the  a t t a c h - m t di i i ic n t .  In add it ion ,
t h e -  op t i a - im c o n d i t i o n s  fo r  EpAr 339 (Table 43) were shown not  to he m u u t d i t i v e
~~ t l u u i~ c - f f e c t .

A l  t i u t u ig h  t h e  , t r - -;- - : lva , -k s  of s t u d y ing , a t t m u c l r ’ - r e n t  by i n f e c t i v it y  a s s ay s  have
h - -- u u n  p r cv i ou s l y  p o in t e d  out , t h i s  t e c h n i que is u S c - I U 1  as a r ap id and i n e x p e n —
si’:e ‘iethod of d e t e r m i n i n g  t h e  i n f l u e n c e  of the  cell type  used for  v i r u s
pr i-~p - u ; ’ - u t 1 o n . Tue ci f- -ct of the a d s o r p t i o n  d i l u e n t  on the  t i t e r s  of the  two
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Sindbis strains grown either in CER cells or in A. alboplctus cells is
shown in Table 46 . Sal t  c o n c e n t r a t i o n  of the d i l u e n t  has  v i r t u a l l y  no
effect on A. a l b op i c t u s — g r o w n  Sln d b i s , rega r d l e s s  of s t r a i n , whereas  the
titer of CER—grown EgAr 339 Is influt -nced by salt concentration. The
titers of both CER—grown Sindbis strains are only marginally in f l uenced
by pH, whereas low pH markedly decreases the infectivity of the A. athopictus—
grown strains. In addition , the titers of the CER—grown strains were enhanced
by the presence of Cad 2 during adsorption , wh-reas divalent cations had
little or no effect on the titers of A. aibc~p h-tus—propagated strains .

These results now allow us to design experiments to enumerate the
number of receptors per cell on several cell types for both of the Sindbis
s trains , and to determine whether different viruses or strains compete for
the same receptor type. By enzyme sensitivity and receptor regeneration
studies , the nature of the receptor can be defined . For instance , we
already know that CER cell receptor activity for Sindbis virus strair1 ~r 339
is lost after protease treatment , and regeneration is complete after 3 hrs
in nutritionally supplemented medium at both 37°C and 4° C, although there
is a time lag for first appearance of receptor activity at 4°C. These
techni ques also allow us to do regeneration studies using metabolic
inhibitors to determine whe ther new cellular syn thesis is necessary fo r
receptor appearance.
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Table 42. Equilibrium rate constants (cm3 mm
1 cell X 10 )  for

attachment of 2 Sindbis strains to CER cells at 4°C

Vir us d~ lUCflt (a) SaAr 86 Crown in A. EgAr 339 Crown in A.
CER al~~~ p iC tU S  CER albop ictus

PB , pH 7 . 2 , 0.45M NaC 1 62 1.6 35 0.0

PB , pH 7 . 2 , 0 .22 5M NaC 1 58 1.2 18 3.5

PB , pH 7 .2 , 0 . lSM NaC 1 40 2.1 1.0 3.7

PB , pH 7 . 2 , O lOM NaC 1 7 .5  3.8 0 .6  2.9

PB , pH 7 .2 , 0.OSM NaC 1 6.1 5.3 1.5 5.4

PB , pH 7 .2 , 0.0093M NaC 1 4 .9  2.8 2.5 4 .4

PB, 0.15M NaCl, pH 4.9 13 2.7 3.5 3.7

PB , 0.l5M NaC1, pH 6.2 6.0 4.6 3.2 4.8

PB , 0. 15M NaC 1, pH 7.2 40 2.1 1.0 3.7

PB , 0 . l5M NaCl , pH 8.1 71 3.4 5 .2  3.5

PB , 0.15M NaC1, pH 7.2 19 3.5
with 10% FCS

PB, 0.15M NaC1, pH 7.2 54 4.7 12 2.8
with 9 x 10 4M CaC12

PB, 0.l5M NaCl, pH 7.2 54 2.1 0.8 2.8
with 9 x 10 4M MgCl 2

PB , 0.41M NaCl, pH 7.9 34

PB, 0.41M NaC1, pH 7.9 37 -
with 4 x l0 4M CaC12

PB , 0.41M NaC1, pH 7.9 46
with 4 x 10 4M CaC1

7 x l0 M MgCl 2

(a)
~ orensen

,s phosphate buffers (7); cultures were washed with buffer used
for attachment.
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F: u h l ~ - 4 3. h u u : u : u n i t l o n  u - f  a t t a u - huiu u u - ui t wi t Ii I n firu -t i v i t y  m i s t  .‘ s of i’ l ’ f i t ib i s
si  rains iii (1- R cu -h is

- - - --  - - - 

n m i i i  
-

V i rus d i l m o t u t ~~~ 
LiA r 86 

- 
I n

r ; u i i o — l a l u u - i  l e d  r n u d i u u — l ~~1 - ,  l ed
vi r u t s  I (ug ]~~ vi rus ~ i 0

t i r h i t  d ( c )  81 U / m i ( d )  t u 0 ~~~ 
— 

~ 
( c i

PB , pH 7 . 2 , O. -Yu > 1 N m i C i  6 5 . 7  + 4 . 5  5 .9  (~~~ . 7  + 3 . 9 (~.2

PR , phI  7 . 2 , 0 . 2 2 5 > 1  N aC 1 63.3 ± 4.1 5.9  4 6 . 3  + 3 .0  (‘ . 7

PB , pH 7.2 , O.15M Na C 1 4 9 . 4  ± 6.4 5.9  3 .3  + 2.1

PB , pH 7 . 2 , 0 . 10>1 N a Ci  12 .0  + 4 . 4  6 .0  2 . 0  ± 4 . 2  6 . 8

PB , aH 7 . 2 , 0 .0 5> 1  Nuu C i 9 .9 + 3.8 6 .4  5.1 ± 6.6 7.5

PB , pH 7 . 2 , 0 .0093M NaC l 8 .0 ± 4 . 5  6 .4  8.1 ± 4 . 5  7 .6

PB , 0.151- I N aCl , pH 4 . 9  19.4 ± 4 .3  5 . 7  11.3 ± 2 . 9  6 .0

PB , 0 . 15 M  NaC 1 , pH 6 . 2  9 .8  ± 2 . 9  6.1 10.4 + 3.4 N . D .

PB , 0 . 15> 1 NaCl , pH 7 . 2  4 9. 4 ± 6 . 4  5 . 9  3 . 3  ± 2 . 1  6.7

PB , 0.151-I NaC1 , pH 8.1 70.4 ± 4.3 6.0 16.3 ± 3.0 6.4

PB , pH 7.2, 0.15M NaC1 60.3 + 6.0  6 .8  32 .6  + 4 . 5  8.1
w ith 9 x l0 4M CaC 12

PB , pH 7 . 2 , 0 .l5M NaCl 60 .2  + 3 .2  5.9 2 .8  ± 4.0 7 . 3
wi th  9 x 10 4M >1gc12

(a)Both strains grown in CER cells.

(h ) corensen i s pliospilate buffers; cultures were washed w i t h  b u f f e r  used
for  a t t a c h m e n t .

(C) A l  at  4° C f o r  3 hou r s .

(d)~.\ d - i ( ir p t i on  a t  4 °C f o r  1 h o u r , r ep l ic a t e  t i t r a t i o n s  r e s u l t e d  in v a r i at i o n
< 0 . 4  log

10 OFY/ml .

N . D .  = Not done.

1~
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Table 44 . Equilibrium rate constants (cm 3 mm cell X 10 ) for

Sindbis (EgAr—339) attachment to 2 cell lines at 4°C (a)

(b) Attachment to
Virus diluent CER cells C6 cells

PB, pH 7.2, 0.45M NaC1 35 9.5

PB , pH 7.2, 0.225M NaC1 18 8.7

PB, pH 7.2, 0.l5M NaCl 1.0 9.0

PB, pH 7.2, O.IOM NaC1 0.6 8.3

PB, 0.15M NaC1, pH 6.2 3.2 2.6

PB, 0.15M NaCl, pH 7.2 1.0 9.0

PB, 0.15M NaC1, pH 8.1 5.2 8.5

PB, 0.1SM NaCl, pH 7.2 3.5 3.5
with 10% FCS

PB, 0.15M NaC1, pH 7.2 12 8.5
with 9 X 10 4M CaC12

PB, 0.15M NaC1~ pH 7.2 0.8 8.5
with 9 X 104M MgC 12

(a)Gro~~ in CER cells.

(b)
~ orensen

t s phosphate buffers ; cultures were washed with
attachment buffer.
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— 1  — 9I m O l e  -u I. h - q k i i  I i b r i  in r u l e  c u - i t - t i  a i t m ;  (çni n u n  c e l l  \10 ) f o r
S I :icIb  is  a t  m u - I  u ; i u - i i t  at 4°C (a,

V i r u s  Si r a i n

(b)
\ i~~us d l l O e t ’ut L u \ r  86 Fi - \ r - 3  19

At t:o- iied tO  A l A  -~~ iu e d  to

CER TB~°~ N I B  C6 C6

— PB , pH 7.°, 0 . 4 1 1 - I  N a C I  36 16 140 28 9 . 6

PR , p1-I 7 .9 , 0.41> 1 Na C1 37 19 160 34 9 . 4
w i t h  4 X 10~~ M CaCl a

PB , pH 7 . 9 , 0.~~lI ’i ~- aC i 46 24 200 46 9 . 2
w i t h  4 X 10

4~1 CaC 1~~,
7 X 10 1-h 1- IRC1 ~

PB , pH 7 . 2 , 0.15M NaCl 40 16 190 40 9 .0

PB , pH 7 . 2 , 0 .15M NaC 1 19 8.5 90 22 3 .5
wi th  10% FCS

(a) BO~ h s t r a it i s  grown in CER cells.

(b)
sorensen~ s phosphate  b u f f e r s ; cultures were washed with

a t t achment  b u f f e r .

~
°) tadar ida  brasiliensis (bat lung cells).

4
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Table 46. Comparison of infectivity titers (a)in CER cells for 2 strains
of Sindbis grown in mammalian and insect cell cuitures 0’~~.

Virus diluent~~~ SaAr 86 Grown in EgAr 339 Grown in

- 
CER A. albopictus CER A. albopictus

PB , pH 7.2, 0.45 NaC1 5.9 5.2 6.2 3.9

PB, pH 7.2, 0.225M NaCl 5.9 5.0 6.7 3.9

PB , pH 7.2, 0.15 NaC1 5.9 5.0 6.7 3.9

PB , pH 7.2, 0.1OM NaC1 6.0 5.2 6.8 3.9

PB , p1-I 7.2, O.05M NaC1 6.4 5.3 7.5 4.2

PB, pH 7.2, 0.0093M NaC1 6.4 5.2 7.6 4.5

PB, 0.15M NaC1, p11 4.9 5.7 3.6 6.0 <1.3

PB, 0.15M NaC1, pH 6.2 6.1 4.3 — 3 .8

PB, 0.15M NaC1, pH 7.2 5.9 5.0 6.7 3.9

PB , 0.15M NaC1, pH 8.1 6.0 4.6 6.4 3.8

PB , 0.15M NaC1, pH 7.2 6.8 4.8 8.1 3.8
with 9 X i0~~M Cad 2

PB, 0.l5M NaC1, pH 7.2 5.9 4.6 7.3 3.8
with 9 X 10 4M MgCl2

(a)L0810 PFIJ/inl; replicate titrations resulted in variation <0.4 log10 PFU

(b)Adsorption at 4°C for 1 hour.

(C)
~orensen

i s phosphate buffers ; cultures were washed with attachment buffer.
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I l l  m~h -~~u 1 t  i u i n c c - f l t  r u t  i on i n  c r - m u s s t h u  jmh] ra u~~i- ~~f _~~~en~ i i u - h A
t o t  i- a it; . B.  Ru -m ut y mi nd R - Cu w m u l  sk i  . 1) -n ftli- Y1~~~ 1 , 2 , 3 , mi nd 4
ni i R i lis f i u ’ l t t  - l u  n e - m u - - u i - - t u u i ~ u i ii ui l~~d : n u - u j t i - h r : u i n  a u - r u -  i - s t  e&1 f o r  h u - i r

~i i r . v u ; c -  u n - h  I. N c - n ut N :urh eii u u ,i i  i - m i t  i - i n s  i i i  l u -  p h - ’ - ; ‘ h : u t u -  m u  fi rs u i ’ ’ e r  a
- - - i - f ij i . 1  - t o  - ~1- I. i t -  i . u u h  ~~~I i  -~ i - u u a l v  - u - i t  I - -a u W I  tO i t  i p - i s  of

( b c  f~~i im i i  y “~- 
- -

- - n I ri R u e  t O m i t  i i  N i t  :;a I t  ~ sic i t  r m l  t i o n s  ~- m i ! . t i c  c d  t h u e  I I t e  r
i t  ‘ \  w i t h  Ru ~~ -c i l l s .

m hiC t i t  i i  S U di m~~ u u c  ou t i p e n s  ~ i - u- n ot  u t ; h u ~iiice d ; th e p11 i -m - i i - , i - l W —

mn —c i - o i u - m ’ u s a h , u - s p e - i m i l i y at OA - -> I NaCl (Table 4 7  ) .  i l l  t i m - A s s- u - r e
c u r r i e d  ou t  at  ~-nch sa l t & u ~~h c-iu t r u t  i on  over  t h e  :m m i m -m :m mu t n poss ibl e p 11 r m u t i p e .

- - I  .\ ~~~c~~~m : a u i f i c  i i i  c u c h i  u . l c C .  N - l t i i c n  I - u l i T i C o u s  no r  I c - lA- ro l  c - -us
a m i t  i I ~~u~1 y t i t e r s  vm ~i- i~ - , I  N i c - u L l v  i - j i l t  - i  h e r  pH or s a l t  u om- c - i m t u m u !  ion.

‘Ihe I m l u c h u m uism of i n c r e ;u s i - d  HA t i  t_ - r t ;  - -~‘i th  hiunyavi i S i m - m u - s  and h i u ’ m t , I -ne d
HA p11 r m u t i e e  w i t h  f I c uv i v ir u s e s  is not yet known .

F u R l  i- 47  - The i ni - r u - m u s e  i i i  ~ 11 r an i~e of d e ng u e  v i r u s  l L-\ w i t h  h i ph N u C l
c ’ i m c - e n L r a t  ion .

NaC l C o n c e n t r a t i o n
D e i t i i ~ 1

- 
pH 

- 
0. O .2 5 __~~~~~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5 . 7 5  10240 10240 10240 20480 20680
6.0 10240 10240 10240 20480 20480
6 . 2  5120 10240 10240 20480 10240
6 . 4  1280 640 2560 5120 10240

6 . 6  0 0 0 0 1280
6.8 0 0 0 0 0
7 .0  0 0 0 0 0

Dengue 2 
__________________ ________________________________________

pH 0.15 0 .25  0 .4  0 .6  0.8

5.75 20 0 20 80 40
6.0 40 40 40 80 20
6.2 160 160 80 160 80
6.4 0 80 160 160 160
6.6 0 0 0 0 80
6.8 0 0 0 0 0
7.0 0 0 0 0 0
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Table 47 cont.

Dengue 3

pH 0.15 0.25 0.4 0.6 0.8

5.75 1280 1280 1280 1280 640
6.0 1280 1280 1280 640 640
6.2 1280 1280 1280 1280 640
6.4 1280 1280 1280 1280 1280
6.6 1280 640 640 640 640
6.8 80 320 320 160 640
7.0 0 0 80 20 160

Dengue 4

pH 0.15 0.25 0.4 0.6 0.8

5.75 640 1280 640 640 640
6.0 640 640 640 640 640
6.2 320 640 320 640 640
6.4 0 80 80 160 320
6.6 0 0 0 40 80
6.8 0 0 0 0 40
7.0 0 0 0 0 0

Hemagglutination of WEE virus from infected Culiseta melanura
mosquitoes. S. Hildreth with H. Shope. Culiseta melanura were inocu—
lated intrathoracically with 5Osm IC LD50 of either the Connecticut 72—666
or the California FMS 813 strains of WEE virus. The mosquitoes were held
for 8 days, then sonicated in borate—saline buffer and the tissues extracted
by the sucrose—acetone method. The 72—666 pool contained 2 males and the
FMS 813 pool contained 16 females. Both CF and HA antigens were detected . - -

The HA antigens were shown to be specific in the HI test using 0.4M NaCl.
The titers of both antigen were enhanced by increasing the NaC1 concentra—
tion of the phosphate buffer system as shown in Table 48 although the
specificity of the very high titers at .8M NaC1 pH 5.75 and 6.0 was not
tested.
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Tzab l  e 48 . Ti ler s  at vary i n g  pil and mel ar i t y ;  NEE an t - i R u - i t ;  f r o m
inosqti i t o  t i  t t t m u e S

Molarity pH Strain /2—666 S t r a i n  FMS 813

.15 NaCl 5 .75 32 8
6.0  32 16
6.2  16 16
6.4 0 8
6.6 0 8
6.8 0 0

.4 NaC 1 5 .75  64 64
6.0 64 32
6.2  0 16
6.4  0 8
6.6  0 4
6.8 0 0

.8 NaCl 5 .75 >4096 >4 0 96
6.0 >4096 256

- 6.2 256 128
6.4 64 64
6.6 0 8
6.8 0 8

E val u a t i o n  of ser ical  techniques for diagnosis of CHF—C virus
infection. J. Casals and J.E. Vasilenko. Serological diagnosis of
current cases of CHF in the USSR and Bulgaria has been done mainly by CF
and agar gel dif fus ion  preci pitation (AGDP) tests; it has been noted
(Karinskaya et al., Miscellaneous Publications, 9: 142—144, 1974) that
antibodies persist for at least 3 or 4 years a f t e r  onset in persons who
had a clinical case of CHF, but with considerable loss in titer. Sero—
epide rniological survey s are hinder ed by the d i f f i cu lty in ca rry ing  out
neutralization tests , either in mice by intracerebral route of inociula—
tion or by plaque reduction ; thq test is not sensitive and sera have
non—specific neutralizing substances that require elimination prior to
a test.

While  a w a i t i n g  deve lopment  of a sens i t ive  and specif ic  n e u t r a l i z a t i o n
test , immi inof luor escence  and HI tests should be cons idered  as means to
conduct seroepidemiolog ical surveys; the need for the latter is pressing
insofar as there still is a controversy as to whether subclinical or
undiagnosable infections occur with this virus.
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Table 49 . Serological tests with sera from human survivors of CHF,
collected in 1973.

________ _________________ 
Tes t

Bled,
Case years Sofia YARU____________________ —

No, from AGDP
______ 

onset 
________ 

CF IF HI 
—

1 19 + 8 + 20
2 19 + 8 -F 40
3 19 + 16 + 40
4 19 + 16 + 80
5 19 + 0 0 40
6 18 — 0 0 0
7 18 + 8 + 20
8 18 + 8 + 80
9 9 — 4 + 20
10 9 + 16 + 20
11 8 + 8 + 40
12 8 — 4 + 20
13 8 — 16 + 20
14 8 — 0 0 20
15 8 + 16 + 40
16 6 — 4 + 10
17 6 + 0 0 0
18 6 + 8 + 40
19 6 + 32 64 20
20 5 ÷ 4 + 80
21 5 + 8 + 80
22 4 — 0 0 10
23 4 — 16 + 10
24 4 + 4 + 20
25 3 + 8 + 160
26 2 + 8 32 20
27 2 + 16 + 40
28 1 -F 16 ÷ 20
29 ? + 32+ + 160

AGDP , positive or negative: dilution used not known.

CF, reciprocal of serum titer, lowest dilution 1:4.

IF, only dilution 1:4 used , except where the reciprocal of titer is given.

HI , reciprocal of serum titer, lowest dilution 1:10.
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‘r ahie 50 . Serol ogica l  t e s t s  w i t h  at - i a  f r o n t  1
_l i -  r n i ’n s  ~‘ a u - c 1  o at  ed

aga l u s t  (:1W v i r u s

Test
Bl ed , years ~~~~~~~~~~~~~~~ - - -

Tndividual after Sofia ,
No. vaccination AGDP

CF IF HI

30 3 ÷ NS (1:8 ) 0 0
31 3 + 32 0 0
32 2 — NS (1:16) 0 0
33 2 0 0 0
34 2 + 8 0 0

35 2 8 + 0
36 2 + 0 0 0
37 2 + 16 + 0
38 1 or less + NS (1:16) 7 0
39 “ + NS (1:8 ) 0 0
40 “ + 16 + 0
41 “ ÷ 32 + 80
42 “ + 0 0
43 “ ÷ + 20
44 ‘I + NS (1:16) 0 20
45 “ + 0 0
46 “ + 16 + 0
47 ~1 + 0 0
48 “ + + 0
49 “ + + 40
50 + + 40

See Table 49.

NS ( 1:8), serum at di lu t ion 1:8 gave positive reaction with
normal brain ant i gen .
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Dr. V. E. Vasilenko , Sofia , Bulgaria, submitted to YARU 29 sera from
persons who had recovered from CHF in Bulgaria ; and 21 from other indivi-
duals who had been vaccinated against CHF. The course of vaccination and
the nature of the vaccine has not been ascertained at this writing; most
likely , the vaccine is prepared from infected mouse brain tissue and is
partially purified by centrifugation and precipitation by protamine sul-
phate, and inactivated by formalin.

The sera had been tested by CF and AGDP tests by Dr. Vasilenko; on
repeating the former tests in this laboratory, it was found that the
titers reported by Dr. Vasilenko were much higher than those observed at
YARD and, particularly among vaccinees, many gave non—specific reactions
with normal mouse brain tissue antigens.

The sera were tested at YARU by CI!, WE and the immunofluorescenee
indirect test (IF); the combined results are shown in Tables 49 and 50

As Table 49 indicates, antibodies were detected by all tests used for
as long as 19 years after onset; probably all or most individuals resided
in endemic foci where they had acquired their disease, therefore the possi-
bility of repeated exposures after their illness, capable of acting as
antibody boosters, cannot be ruled out.

In Table 50 , the reactions given by sera from vaccinees are shown.
Five of 14 sera thus far tested by CF gave non—specific reactions most
likely due to the fact that mouse brain tissue was the vaccine substrate,
as well as the source of antigen; it is conceivable that the same mechi—
anism could account for the almost complete positiveness in the AGDP test.
By contrast, as well as in contrast with the result with sera from patients,
fewer of the vaccinees had antibodies detectable by IF and fewer still by HI.

The possible different reactivity of antibodies following inoculation
of inactivated virus and following infection is being investigated.

Polyacrylamide gel electrqphoresis of viral RNA ’s and proteins. D.
Knudson, R. Shope, and A. Main. The polyacrylamide gel electrophoresis —
(PAGE) technique was utilized to determine relative migration distances
of segments of dsRNA of Reoviridae. Initial attempts in slab gels with
ds RNA of reovirus type 3 indicate feasibility of the project. Twenty—
seven orbiviruses of the Kemerovo group have been grown in BHK—21 cells
and titered preparatory to PAGE analysis of their RNA ’s. The patterns
will be compared to determine which segments differ, and hopefully to
develop a characterization technique to complement the serology. The
results should offer a more critical means than serology of determining
evolutionary pattern and closeness of relationship, especially with the
marty Keinerovo group viruses from Ixodes uriae, multiple serotypes of
which occur in the same tick populations.

LaCrosse—Snowshoe hare virus RNA— reassortent pathogenicity and serology.
R. Shope. In collaboration with J. Gentsch, L. Wynne, 3. Clewley and D.
Bishop of the University of Alabama, RNA—reassortents of LaCrosse and snow-
shoe hare virus were studied . Reassortents and parent viruses were supplied
as infected BHK—2l cell fluids. The pathogenic potentials of the wild.type
viruses (inoculated either singly or together) and six of the LAC—SSH
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r
rt -eotnbluaii ts \- - ,- re del u - r i t i l i i ~~d by l n t r : u p t - r i t  en - a l  l n o n i i l ; i t  I on  of i~io1pS of
f i v e  3 ~u - ck - o l d  n ! t ’e , us ing t w o  d i l u t  1on~ o f t h e  v i r u m  a-s .  C i r t i t 1 u ~ of 1 . - u
or three adult 0.- m int irs and of I t - u - j o l t  g m l i m n - a  p i gs w. - r -  i i a) r i d  for
s im i l a r  t e n t s .  ‘Plie r, - - ; u i l t s , in  I i - r u m s of ro rta] iL y r u t  - i : i -  id - i i  - i l
t i a - a , mit - ui shown i i i  l’able 51 . ~~ u i e  of t h e  g u u l u m e a  p i u : t ; , :ill u - i  ! i t l i

we re i ; t n u l m i t e d  i o L r : u p - r i t o ~u u , j  ly  w i t h  0.1 uI of a 1 0 — i  d i l u t i o n  of v i  r i ’; , 6
d i i  d~~~ii ;g 2 1 d ay s  of u ’ l ~~’~ O r V : l t  i on , mu l i l i o t i g l i  u , i C i i  r- -~- eiv u -d 1 ’~ t . -~~~n 2 . 6  X 10
an d  1 .8  X i0~ ItFU of V~~~L u i 5  - n d  u -o a t , by ~ F and I I I  t i n t S  - ; u - u u n n t i ~~, r t  -d (n -C

Tab le  5 2 ) .

‘l’lie i u i e c u l at e d  m ice rece ived  b L - t w c n n  2 . 6  X 1O 7 and 1.3 K Io ~ !‘FU Of
virus ( f a b l e  5 1). Al l  d ied  b et w e e n  2 :mii d 6 ii iys  jnni t-— inocul ation. R n --
Uo u ie of t i m e  g rOupS  of a l e c  t h a t  r r u e i v e d  t i m e  p i l l  - H t  ly e  r u - u u : 1 ) 1 n u t  V l  r i n d s
t il e d s gn i Plcniitl y u : m i r l  b r  t h a n  those  r e n t - k i n g  t h e  one or t\i i) W i 1 d— L ~1)e

v i r u s e s .  Sniu ~ of t h e  :uice that an-re .mru -ula ted w .i t h  I L~ p u t a l  ly e  h i t ) —

ants did , however , survive si gni f i c a nt ly  longer  than those t h a t  r e n t -
the w i l d — t y p e  v i ruses  ( e .g .  , the ret - in-tb i n a n t  d e r i v e d  f r o m  L-\C 1 14  X S’~11 1— i )
Although itO c u t  ri l at  ion has ye t  been it  t~~u u p t e d  f o r  the  i m i t  i o  PFU 1 it  n r c - n

e thal  dose for  i cc  n - i )  i r u ;u f l t s  w i t h  those  of the - i l  ui - - L \ - p s  vi r u t — r e-s , t i 

r e s u l t s  sugges t  that ~~-rta in ru? i u ’ t l u inants ~;;y a l l ow n i c e  an nr  r u .;  - - ul s ur —

vival time compared to those receiving the wildtypc progen itors .

The l u ; m : : u n t e r s  t ha t  w ere  i n o c u l a t e d  su h cu t an ~~ousl y r ece ived  be tw een
2 . 6  x io 6 and 1.8 X l0~ PFU of r r t i s .  One of the  ti - c h ; u : r n t e r s  i r n u  u l a t e d
w i t h  w i l d — ty p e  p r o g e ni t oi  LAC vi rus died on day 13; the tao inu u.uu l atc-d wi h
w i l d — t y p e  p r o g e n i t o r  SSH v iru s  died on days 8 and 16. Two of 14 1mm ~-u t e r s
tha t  received the recombinant  v i ruses  died (LAC 11—5 X SSH 1—3 d ied  on day
11; LAC 11— 5 X SSH 1—3 died on day 13); the  res t  su rv ived .

The r esu l t s  of CF and Hi . uìal yaes u s i n g  tes t  SSH min d I..\C a nt ig en s  an d
the 21—day sera ob t a in e d  f r o m  the an imals  tb — i t surv ived  the  v i r u s  inocula-
tion are shown in Table 52

The ind iv idua l  sera of the  gl1~ iea p igs t ha t  r ece ived  w i l d — t y p e  LAC
vi rus although clearly cross—reactive by both CF and HI tests could be
typed as c o n ta i n i n g  LAC an t ibod ie s .  The i n d i v i du a l  sera of the  gu inea  p i gs
that received wild—type SSH virus were less cross—reactive than those
obtained for LAC and clearly contained SSH antibodies . A LAC CF response
and an ambivalent HI response were obtained for the sera recovered from the
guinea pigs that received both viruses .

No hamsters  survived the w i l d — t y p e  SSII v i r u s  i n f e c t i o n s , hon-ever , the
one hams te r  tha t  survived the wi ld—type  LAC infection gave a serum sanuple
that, by CF and HI tests, as in the corresponding guinea pig serum t es t s ,
was compatible with it containing LAC antibodies . The hamster that survived
the dual wild— type virus infections gave a serum sample that , by CF and HI ‘ -

tests , contained antibodies directed against SSH virus .

The reassortent virus obtained from the LAC 11—3 X SSH I—i cross gave
an LAC— type HI response and an SS1-I—type CF response for 1)0th t he  gu inea  pig
at-id hamster sera. All of the other recombinants gave LAC—type CF and HI
responses for sera obtained from guinea pigs or the available hamsters .

The serological results obtained for the LAC 11—5 X SSH 1—3 remissortent
agree well with the observation of the University of Alaba ma group tha t the
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reassortent has an SSH/LAC/LAC genome and an LAC—type N protein , and could
be interpreted as indicating that the LAC M RNA and/or S RNA provide LAC
gene products as assayed by the HI and CF tests. The results obtained for
the LAC 11—4 X SSN I—i reassortent ,which has an SSH/LAC/SSH genome and an
SSH—type N protein, do not fit the interpretation that the S RNA codes for
gene products that were measured by the CF or HI tests. Although that may
be true for that particular reassortent , the Alabama group has found that
virion protein analyses of the LAC 11—3 X SSH 1—1 reassortent indicate
that it has an SSH—type N protein. Although no fingerprint analyses have
been undertaken for the LAC 11—3 X SSH I—]. recombinant , the serological
analyses indicate an SSH—type CF response and an LAC—type HI response,
suggesting that for this recombinant SSH L and/or S R}~A code for the gene
products that were responsible for generating the SSH—type CF responses.

Although indicative, due to the cross—reactive nature of the LAC CF
and HI antibody responses (and, to a lesser extent, those obtained for SSH
virus), the serological results are not conclusive. Further analyses with
individual viral antigens, as veil as more refined immunological tools,
will be needed to establish what antigens are involved in the HI and CF tests.

It is noteworthy that some of the groups of cohabitating hamsters that
received a particular reassortent virus included one or two hams ters tha t
did not seroconvert. Although the animals were only kept for 21 days post—
inoculation, the lack of seroconversion might mean that no direct trans-
mission of the virus between cage mates occurred. Further experiments
involving cohabitating uninoculated and inoculated mice and other animals
will be used in future pathogenicity tests to investigate this point.

Table 51. Intraperitoneal pathogenicity in 3—week—old mice of LAC,
SSH, and putative LAC—SSH reassortentsa.

Average Survival time (days)
Virus Inoculum titer _____________________ ____________________

(PFIJ/ml) inoculum : 0.1 ml of Inoculum: 0.1 ml of
_____________________ _______________ 

100 dilution 100 dilution

LAC (wild type) 1.2 X 10 2.6 ± 0.49 3.0 ± 0.0
SSH (wild type) 3.4 X 10 2.2 ± 0.40 3.0 ± 0.0
LAC X SSH (wild type) 1.5 X 108 3.0 ± 0.0 3.0 ± 0.0

Recombinant cross 8LAC 11—3 X SSU I—i 1.7 X 10 3.0 ± 0.0 4.0 ± 0.0
LAC 11—3 X SSH 1—3 2.6 X io8 2.6 ± 0.49 2.8 ± 0.57
LAC 11— 4 X SSH 1—1 2.3 X 108 4.0 ± 0•0b 5.8 ± 057b
LAC 11—4 X SSH 1—3 2.2 x io8 4.0 ± 0•0b 4.2 ± 004b
LAC 11—5 X SSH I—]. 1.8 X 5.2 ± 040b 5.8 ± 057b
LAC 11—5 X SSH 1—3 1.6 X 1O~ 3.0 ± 0.0 3.0 ± 0.0

aGroups of five 3—week—old mice were inoculated intraperitoneally with two
dilutions of the wild—type virus stocks or an equal—volume mixture of the wild—
type viruses and observed until death occurred. Virus stocks obtained from
the cloned reassortents from the indicated mutant virus crosses were similarly
used to inoculate mice. All inoculated mice died , and the average survival times
are given.

bme average survival time, which differed from that of either parent wild type,
is significant by Student’s t—test. P<0.001.
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Table 52. Serological analyses of guinea p i gs and  t lie su r v  1 v i n g
hams Ic rs t hat  wi-r e lO D e  u l  m i t t  -d w i  t i m J A C  v i  rus ant i  /1) f

SSH v i r u s , or the T AC — S Sl I  i e a r ; u a i r t i i i t s . a

Cu ln e a  p ig  I l - n  - - (e r
i no c t i l um  1. -st  R~.rotype St i  ut ype

mil i t- i gen (CF— i l l )  ( C F - I l l )
CF III CF HI

lA C  (wild t ype )  LAC 32 40 1AC I.AC 32 10 1 \ C LAC
SSH 32 20 32 <10

SSH (wild type) LAC 8 10 SSII-SSH NS
b NS

SSH 128 160 NS NS

LAC x SSH (wild types) lAC 64 20 LAC? 32 20 SSII SSH
SSH 32 20 128 80

Reassor tent

LAC 11—3 x SSH 1—1 LAC 32 80 SSII—LAC 16 80 SS1I-LAC
SSH 64 40 64 20

LAC 11— 3 x SSH 1—3 LAC 32 40 LAC—LAC 128 80 LAC— LAC
SSH 16 20 64 80

LAC 111—4 x SSH 1— 1 LAC 128 40 LAC—LAC 128 80 LAC — LAC
SSH 64 20 128 40

LAC 11—4 x SSH 1—3 LAC 64 80 T.AC—T AC 32 40 T AC_ LAC c

SSH 64 40 32 20

LAC 11— 5 x SSH 1—1 LAC 32 20 LAC—LAC 64 40 LAC_LACd

SSH 32 10 64 20

LAC IT—S x SSH 1—3 LAC 64 80 LAC—LAC NRe NR
SSH 32 20 NR NR

a
CF and HI antibody responses were determined in sera of surv iv ing
animals  by us ing  SSH or LAC test antigens .
The guinea pig and hamster  sera were t e s ted  on an ind iv idua l  basis
with the a l t e rna te  sera giving the same resul ts  as those shown in
these assays , except when no HI or CF response was detected , suggesting
that the animal was not infected .

bNS , No survivors.
C

One of two animals no t in fe cted , as j udged by no CF or HI response.

d~~ 0 of three animals not infected , as judged by no CF or HI respo:-tse.

eNR , No response.
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IV. Serologic Surveys

Lassa virus antibodies in hospital personnel in Liberia. J. D.
Frame and J. Casals. Serum samples were obtained early in 1977 from
personnel in several hospitals in Liberia. Past observations had
shown the presence of Lassa fever and/or antibodies in the area of
Africa in which Sierra Leone, Guinea and Liberia come together ; for
this reason hospitals were chosen in Liberia for this survey which
were in the north—eastern section of the country. The purpose of
the survey was two—fold: to determine the extent of Lassa virus
infection using the hospital personnel as easily accessible experi—
mentative populations of the respective areas; and to locate immune
persons who may be interested in supplying plasma by plasmapheresis
and thus establish a stock of valuable antibody.

The serological test used for the survey was the indirect immuno—
fluoresnce (IF), employing as antigen Vero cells infected with the
virus (later inactivated); drops of the cells were deposited on
teflon—coated microscope slides having 12 circular areas 5mm in dia-
meter uncoated. The slides were generously supplied by Drs. K. M.
Johnson, P. Webb and H. Wuiff, CDC, Atlanta, Georgia. An incident
light microscope was used , set for blue fluorescence and equipped with
a Xenon Osram 200 lamp.

Sera were tested only at dilution 1:4 and classified as positive,
negative and questionable; a number of the questionable sera on re—
testing at dilution 1:2 or undiluted became clearly positive.

In addition to 482 sera from Liberia, were tested 26 from Cameroon
and 81 from Benin (formerly Dahomey); the combined results are given
in Table 53, and the approximate location of the hospitals surveyed
is shown in Figure 10.

- It is interesting to notice that the proportion of positives is
highest nearer to the endemic area the hospitals surveyed were; thus at
Foya , 22% of 41 persons tested were positive as well as 12% of 97
individuals tested at Zorzor. In contrast, none of 27 tested at Elwa
was clearly positive.

It is also to be remarked that positive sera were observed for
the first recorded time in Cameroon and Benin.

Investigations under the direction of Dr. Frame are being continued,
with the purpose to determine by medical history, for as many of the
positive donors as can be reached, whether there is clinical evidence of
Lassa fever among them.

*Serosur v ey of villages of Senegal River. W. G. Downs and G. Roze.
One hundred serum specimens were selected as an intentionally biassed
sample, equal numbers of males and females and equal numbers from 5
Senegal River villages, limited to those between 10 and 25 years of age.

*Th18 project was supported by a contract from AID (Afr/AID—C—l259);
it was made possible by, and utilized resources of the Arbovirus
Reference Center.
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Table 53 . Im niunofluorescence test: survey for Lassa virus
antibodies , Africa

Number Positive (%) ? (%) Negative (% )

Liberia Foya 41 9 (22) 1 (2.5) 31 (75.5)

Zorzor 97 12 (12.4) 5 (5) 80 (82)

Phebe 253 25 (10) 19 (7.4) 209 (83)

Ganta 64 4 (6.2) 5 (7.8) 55 (86)

Elwa 27 0 (0) 4 (14) 23 (86)

Cameroon — 26 1 0 25

Benin Bimbereke 81 2 1 78

The age selection bias is intentional. Individuals are old enough
to have acquired infections, yet young enough possibly to avoid being
saturated by infections with several related viruses in the aiphavirus
and flavivirus groups, particularly. It is in this group that one may
hope to encounter individuals whose serological pattern in HI testing
may permit a guess as to the causative virus. Specific virus neutrali—
zation tests to define further the virus specific reactor have not yet
been carried out.

In the alphavirus group, there were reactions as follows:

Virus Number positive
Range of

Number tested titer levels

chikungunya - 2/100 1:80 and 1:640

Middelburg 0/100

Ndutnu 1/100 1:20

Semliki Forest 2/100 1:10 and 1:40

Sindb is 29/100 1:10 and 1:160

The Sindbis positive reactors have 15 reacting at 1:10; 7 at 1:20;
6 at 1:40 and 1 at 1:160. These probably represent specific Sindbis
antibody .

The Semliki Forest reactor at 1:40 reacts with chikungunya at 1:640
and the reactor at 1:10 reacts with chikungunya~~ 1:80. Both infections
are almost certainly chikungunya virus infections. The single Ndumu
reactor, at 1:20, was reactive to all the other alphavirus hemagglutins ,
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including chikungunya at 1:640, and almost certainly represents a
n on — ~~p e c i f l c  ai phav i rus  se r ol o g ical cross r e a c t i o n , In d u c e d  by In-
fe ct  ion  w i t h  :Ior e than one :i 1 p h ;m v I rus  •

In the  t i a v i v i r t i s  ~ r n i p,  t h e  p i t - t o r e  is  m i t c h  inur e  i - O t t t j ) l I r : i t t - d .

Vi  i i i s ~ i l n r  p u ;  i t  I v c - - - R a t ~~ n of a n t  i—
!~~td y 1 - v u l s

- N t n b i - t - t i - a I t ± d

Panzi 68/100 1:  1~0 — 1: t~ 40
Den gue I 35/ tOO 1:10 — 1 :~~0
Detigue I I  38/100 1:10 — 1:80

~~- : ;s e l u L t on  / 3 /10 0  1:10 — 1:640

~‘est N i l e  54 /10 0  1:10 — 1:160
Yel low Fever 4 8/100 1:10 — 1 :160
Z i k a  3 1/100 1:10 — 1:320
l<adam 47/100 1:10 — 1:160
Da!-:ar n- a t  31/100 1:10 — 1:80
Israel Turkey 52/100 1:10 — 11:64 0

~-knitigoencepha1i tis

At casual - 

~laiice , the re  appears to be the expected f i n d i n g  of a
hopelessly en tangled  flav iv i rus  i-Il cross—reactivity. This would in-
dicate infection with one or more fla v i v i r u s e s, w i t h  the spec i f i c
viruses not de te rminab le , probably not even by n e u tr a l i z at i o n  t es t .

Sera which  reac ted  to only one or two a n t i g e n s  were selected out ,
and 8 Wesselsbron reac to rs  thus loca ted .  Three of these reac ted  only
to Wesselsbron ant igen and at 1:10 di lu t ion only.  Thr ee r e a c t - ed w i t h
Wesselsbron 1:10 and Banzi 1:10; one reac ted  wi th  We sse i sb ron  1:20 ,
ganzi 1:10 and one reacted with Wesselsbron 1:10 and Wcst N i le  1:10.
A Wesselsbron n e u t r a l i z a t i o n  tes t  wi l l  be carr ied  out .

The remainder of the sera are broadly c r o s s — r e a c t i v e  and i nt erp re -
ta t ion  to spec i f i c  levels is not possible.

The 100 sera were also tested and found negative by HI with Sicilian
sandfly  fever  a n t i gen.

Survey fo r  pt ib~~Ucs~~~~~j  ns t selected arboviruses in sera from Brazil.
I. Mat tos  and J. Casals. Activity of arboviruses in the southern most part
of Brazil , State of Rio Crande do Sul , has not been investigated heretofore
to any large extent. A number of sera were obtained f rom r e s id e n t s  f rom
two loca l i t i es  in the  S t a t e , 63 sera f r o m  Urugua iana  and 29 f rom Pelotas ;
in ad d i t i o n  and as a c o n t r a s t i n g  situation , 69 sera were obtained from
residents of Rio de Janeiro. The sera from Uruguaiana were collected in
1975, the others in 1977. Most of the sera were from adult males ; due to
the small numbers involved no attempt (-an be made to analyze the resul ts
in terms of sex, age or other parameters.
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All sera were tested by HI and , subsequently , a few selected sera
by neutralization test.  The following antigens, in 8 unit amounts , were
used with all sera:

Group A (alphavirus), VEE, WEE, EEE , Aura and Mayaro ; group B
(flavivirus), Aroa , Ilheus , Rocio (San Paulo encephalitis), dengue type 2,
yellow fever, Bussuquara, and St. Louis encephalitis ; group C, Oriboca;
and group Bunyamwera, Guaroa and Maquari. In addition , the sera from
Uruguaiana were tested against Marituba.

A summary of the results is given in Tables 54 and 55 . Table 54
indicates the overall reactivity of the sera against any antigen of a
group; all positive sera were positive against a group B antigen, possibly
also to antigens of other groups. It is of interest to notice that hardly
any sera from liruguaiana and Pelotas reacted with group A antigens while
a large proportion, 21 of 69 , from Rio de Janeiro reacted with antigens of
that group ; in fact, most reactions with the latter sera were with Mayaro
antigen. Reactivity with group B antigens was marked in the three locali-
ties with 52 of 63 being positive in Uruguaiana, 18 of 27 in Pelotas, and
57 of 69 in Rio de Janeiro. The number of sera positive for either group
C or Bunyamwera group was small and at low titers.

Table 55 gives a break down with group B antigens with which all
positive sera reacted. The serological diagnosis within group B is
presumptive, applies only to the viruses included in the survey and is
based on the observation of a 2—fold or greater titer with an antigen
than with the next highest titer with another antigen. Under super—
infection are placed those sera that reacted broadly and at relatively
high titers with 2 or more antigens, with usually similar titers with
most antigens. In the questionable column are placed sera that reacted
with minimum titers, usually 1:10 or 1:20, and with two or more antigens.

From an examination of Table 55 it appears that the sera from
Uruguaiana had HI antibodies almost exclusively diagnosed as SLE; in
contrast, neither Rio de Janeiro nor Pelotas sera show a definite specific
trend, with mainly low titered reaction among the few positive only for
Aroa, and many in Rio de Janeiro, 36 of 69, being positive with the typical
broad reaction of superinfection.

Table 56 lists examples of results given by selected sera from
Urugualana which were diagnosed as SLE by HI, with one serum, #20, which
gave a characteristic superinfection—type response.

Since the presence of SLE virus has not been reported in Rio Grande
do Sul, an effort was made to determine whether the sera that were posi-
tive by HI against this virus would also be positive by neutralization
test. Unfortunately, there were difficulties with the plaque reduction
tests with the viruses used, SLE, Bussuquara, Aroa, and liheus, which
made the results erratic and uninterpretable. Attempts to test sera by
i.c. mouse neutralization test were curtailed by the small amounts of
serum available. An abridged type of test could only be done, with the
three viruses listed in Table a6 used at a dilution only —— which turned
out to be between 100 and 1000 i.c. LD50 —— and with the sera used in
dilution 1:2. The results of these rather severe tests done in newborn
mice, fail to show complete protection by any serum against any virus.
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However, wh ereas not a single mouse was protected against Bussuquara
virus and onl y one n t r l im , / / 56, ; - 1V O p a r t i a l  p r o t e c t i o n  a g a i n s t  A m a ,
5 ;~- ra of 13 I ~-~; t - d — / /5 , 6 , 10 , 70 , and 56 ~ :Ive  p a r t i a l  p r o t e ct  ion
.~~~:1 i i1ut S t .  T o t s  v i i — i i~~.

It  is  s t il l  pr:i : it uie to t-laliu t h a t  S I R  v i r u s  is  r& -~;pn ;i ~;r 1 e  f o r
t h e  a n t  11)011 1 ts fe  1 i i :  a i : :be r of  U i u ~ - i i  a na r e s i d e n t s ;  i t 15 not
i , i i re ;ts~~i i ; i b i e , l le -~- - v l - r , t o  ~-n t ~~i-t i u  t h i s  n o t i o n  in view of o u r  ri- ;ults
irsi o f t lie fact that SLE V i i  U ;; lo i s  been i ; ~o l a L v d  in o t h e r  ar e a s  of

Br ;i~~il  - md : i lso i i i  ;o i  t h e m  .\ i ~~t - i i t i n a .

Table 54 . ikatiagglut  I n— i t - iun -~ l u b ib l i  ion t e s t :  survey  fo r  aibo~ I rus
l i l t 1 1,0(1105 i n  i i - i z i l

P o s i t i v e  any  ant i g e n  of

O r i g in and Posi t ive ,
eii :.ber of any Group A Gro u p  B Group C C ;p Bony—

- -r a  A n t  igen

t iruguaiana , 63 52 2 52 4 3

Pelotas , 29 18 0 18 0 1

Rio de Janeiro , 69 57 21 57 5 3

Table 55.  Heinagglu t ina t ion— i n h i b i t i o n  t e s t :  survey for  a rboviru s
antibodies in Brazi l .  Serological diagnosis of group B
pos i t ive  sera.

Diagnostic for Undiagnostic
Origin of sera Group B 

____

positives
SLE Aroa Buss ILH YF D2 Rocio Super— ?

in f er  t iot

Ur uguaiana 52 29 0 3 1 3 0 0 7 9

Pelotas 18 3 6 0 0 1 0 0 3 9

Rio de Janeiro 57 1 5 0 0 0 0 0 36 15
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Table 56. Ilemagglutination—inhibition and i.c.  mouse neutralization
tests: survey for arbovirus antibodies in Brazil.

HI Result, Antigen NT Result

Serum SLE BUSS AROA ILHEUS SLE BUSS AROA
No. _______________________________ ___________________________

5 160 40 20 20 2/8 8/8 ——
6 0 0 0 0 3/8 8/8 7/8

9 320 80 40 40 7/7 8/8 7/7

10 80 0 0 0 1/3 8/8 6/6

14 640 160 80 80 7/7 8/8 7/7

16 0 0 0 0 7/7 8/8 8/8

17 0 0 0 0 7/7 7/7 8/8

20 80 20 0 0 6/8 5/5 8/8

28 320 40 40 40 — 7/7 8/8

29 0 0 0 0 — 7/ 7 7/7

45 640 160 160 160 7/7 8/8 8/8

55 640 80 80 160 7/7 8/8 5/5

56 640 40 80 80 4/8 5/5 4/7

67 160 20 20 10 5/5 8/8 8/8

70 1280 640 640 1280 717 7/7 8/8

HI: reciprocal of serum titer; 0, no inh ibition at dilution 1:10.

NT: mice dead over mice inoculated.
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i i i  ; t d I i j  i ; !  t o  S i  ~i f i n  t~~~S t -~~~~I i t~~~’ ;:; ot  I - c  - er a  ‘ - a - I t ;  f i t - i ’ ’  ‘ - -d

in  i 1:0 i i i  - t: )’ - ;  
~ ‘ - U I  I :i t O i l  I l i i i  ~ I i t  t I i i  ‘ 1 1 t 1 t  - H.’ I 115

a u  ‘to t f y i t  V ~‘ 1  l i i i a; - i  u ~~ i i i  I ;e : t I  i t ) 1  t f t  ii ii - i I IonS

.\ t ’ i : i l of 1]’~ -; ‘ t’a h a v e  h i - i - u  I t - a t - t i  by ii  - -; l at h a i t i - - i - i i t i i i b i t  i o n
( l i i ) ;  t h e  a t - t a  t -u r 1 ca~ - - : - - 1 , , f  t o t h e  m l  l w i ; i g  c E  ~~u l  i e -s:

1.. 110 si-re Iroiti p:l t it -nt s i i  I k e  PS , : ‘ - - : t - l y ‘ i t  I i  l i t  i f ~: i t : h t ’t ; u a t n i c
lor is of LNS d i sease  i n c l u d i n g  t -p i l  1 a 1 n  ~- a r L  l a l  i.s c i u i i t l n t i d  id

~ub -a c u t e  sd c ro s n o g  p a ; : t - n t - i -phnl  I t  i s  (SS1’E) . The a n t i gen s  used
fur ti~ is group  ‘acre : FEE , h-lEE , TEE , y e l l o w  f~ —:a r , St .  L o ui s ,
t t - i gtie 2, f ’;-::us ~~an , gi : ; ; u ; q i ; , - i r a , US bat  s-i l iv:tr y gl— ;nd , C- 11 f o rn i a

I L i 5  an d  B nt a i

2. 135 sera f rom -\;;um-;uniian Tudi as , Ce1~ b i n , f t - p r e s e n t i n g  a s t - i  -t i
p gnil -it ion. th e  in t i gens us ~d ~-:ere : FEE , L E E , TE E , May a ro
Pn- -ai i q iia ra , d - ; ~iuc 2, (T h i s , P -i-am-n m , St. L o u i s , y e l l o w  f v t r ,
f l - u -~~e)a~ a; id  B e t a  t .

3. 702 sera f r o m  oat  [ye Cua :a;i ~ ens , I ncltid i iig y~i t i i  it s  w i t h  :u y o —
t rop ht i c  l a t e r a l  sclerosis  (ALS) , Pa rk inson ’s d i s e a s e  and  a
control group not suffering a (L-IS di ;;t ’:;se. The ant  i gr-ns used
were: c h ik ; -  g a g e , Ge tah , Sindbis , de t igue  2 , d e u i ~;ue 4 , C e n t r a l

-t - l- op c ;l i i  L i - k  -borne  icep h i a l i t i s  ( C l  IF ) , J : ;jua n~-se ~ .it ~~t- ; i l it i s
( J E )  , Murray V a l l e y  en c ep l i ; i i i t i s  (J iVE) , yellow fever , Z i k a , B a t m i
and Neop e l it an  sa nd f l y  fever .

4. ~Ol sera from presumab ly normal individuals , native populations
I r o n  h - L e t  Ir an , Papua sad Nrw Cu in e a . The an t ige n s  used were :
cli i i < i t n g u n y a , C o la - t b , S indhis , Ross River , dengue 2 , d e n j ue  4 , CE TB E ,
JE , MVE , yellow fever , Zika , IJat af , Neopol itan sandfly fever and
Sicil ia n san d f ly  fever.

T h i s  large su rvey  is to be c o n d u c t e d  in two p a r t s :  the first one , I’

al r ead y c c i  p l t ’ tc- d , ~ as a s c re e nin g  in  \ Q h i  i ch  sera were t e s t ed  in  d i l u —
t toes 1:10 and 1:20 a ga i n s t  g t - i e r a l  ly 8 u n i t s  of the l i s ted  a n t i g e n s .
The second p a r t  w i l l  consist  in t i t r a t i n g  out  al l , or s e l e c t e d , :;era
in an effor t to determine specificity within group B and in general
the range of antibody titers. The choice of antigens was made in great
part on the basis of ge o g r a p h y ;  some a n t i gens were also included in the
hope of detecting cross—reactions even though t h e  corresponding vi roses
are not known to be present in th e areas. Considering th e large numbers 
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of sera and antigens involved , this survey conducted over a period of
14 days went remarkably well; only the sandfly fever antigens failed
to react properly in a number of test~ as a result of which false posi-
tive reactions occurred .

The results of the HI tests are now being analyzed and correlated
with clinical manifestations, where this is applicable; the correlation
is not available at this writing, but the following emerged from the
HI results.

1. Of the 110 US sera only a few had antibodies: 1 for EEE, 1 for WEE ,
7 for yellow fever ( possible vaccination) and a few 5 to 7 for
Powassan and US bat.

2. Amazonian Indians , 135 sera; 6 were positive for EEE, 15 for Mayaro
and 40 for group B antigens, the antigen giving the highest number
of positives being Ilheus; there were also one positive each for
Batai and Guaroa.

3. Guamanian sera, 702. There were 9 positive for chikungunya, 2 for
Batai and 620 for group B antigens with MVE and JE predominating ;
all or nearly all group B positives reacted with these two antigens,
reactions with other group B antigens indicating probably cross—
reactions.

4. Sera from West Irian, Papua and New Guinea, 801. There were 12 sera
that reacted with chikungunya oni y, a few with Getah and Sindbis
and 183 with Ross River; all the Ross River reacting sera were
tested only at dilution 1:20 due to a shortage of antigen. Positives
against Ross River were not randomly distributed but appeared to
congregate in certain geographical locations. There were 302 sera
positive for flavivirus antigens, the predominant one being MVE;
dengue 4 gave, although to a lesser extent, a great deal of positive
reactions .

Serosurvey of small animals from Connecticut. A. Main. This year,
sera from more than 700 small mammals (16 species) and 13 reptiles ( 5
species) collected in Connecticut during 1976 and 1977 were tested by
HI with 12 antigens (Table 57). These include sera collected by per-
sonnel at the Connecticut Agricultural Experiment Station as well as
specimens from our own field studies. These results are preliminary
and tests are currently underway to evaluate the cross—reactivity seen
with group B positives and the results obtained using high salt molari±ies
(0.6M and 0.814) in the adjusting diluents with the California and Bunyam—
wera group antigens.

Serosurvey of White—tailed deer from Connecticut and New York. A.Main.
Sera from 139 deer in Connecticut and 63 deer in New York state were
tested by HI and/or CF tests against a variety of antigens. Results of HI
tests are shown in Table 57, with specific group B titers on the Connecti-
cut deer given in Table 58 . None of the 63 New York sera or 51 Connecticut
sera reacted in CF tests with the following antigens: EHD—NJ, EEE , WEE,
StE (Par ton) , POW, CBR, MOD, TEN , JC , Sil, KEY,TRI , SIL, VSV Ind, VSV—NJ ,
LS, CTF, SAW, KC , FLA, and mouse hepatitis virus.
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T~~’,i1e 57. II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ru - . ’ , l t s  ~n su ra f:-: - _ 1 s  aud ;, ~- t i 1u ~~co 1 i i - t d  In C j ~~ &-,

- 1 - u t t u g  l i  /6 and 19/7  ~d ‘ ‘ u~~r from S w  Y~~r k  1 t e

- -- - —-- - -a -

— - — E ~l E  ~ C R  I U T 
-
~~~~ 

- ~
c I R I  ~F

‘,, sum o/ l oii 0/1 o /l  0,1 — 0/ 1 oh o/l oh c/i 0/ 1

~~t . ilith’ i -r - -w n  ‘713 0/ 13 0/13 0/13 0/13 0/13 — 0/13 1)/ 1 ,3 0/13 0 / 13  u/ 13

‘hr.-w~ sh o r t — t i t l e d  0/9 0/9 0/9 0/9 0/5 0/5 0/1 u19 0/9 0/9 0/9 0/9

0/39 1/39 1/39 2/39 2/33 0/6 0/29 0/39 0/39 0/39 o/~ 9 0 / 3 9

e~~ ~~, I: ~ d 3/2 0/2 0/2 0/2 0/2 oIl oIl 0/2 0/2 0/2 0/2 0/2

0/1 0/i 0/1 0/1 — - — OIl 0/ 1 0/ 1 0/1 0/1

Dog, domestic 0/ 1 0/1 0/1 0/ 1 — — — 1/1 0/ 1 1/1 “i’ ~‘l

~t r y  ~~-~ dow 0/1 0/ 1 0/1 0/1 — — — — — — 0/ 1

-so , ‘~~~1 tefcot~~J 7/6 16 1/6 16 U/6 16 23/604 78/ 303 0/303 26/193 2 1/~ 95 0 /295  1/295 -7 2 9 5  2 / 2 9 5

- - b , - - - - stow 0/12 0/12 0/12 0/12 0/3 0/3 — 1/15 0/15 0/15 0/15 0/15

~1e , ~~~d -h t ck e d  0/ 1 0/ 1 o/l 0/ 1 0/1 0/1 — 0/1 c/i  0/ 1 0/1 0/1

ro 0/5 0/5 0/5 0/5 0/4 0/4 0/2 oIl 0/7 0/7 0/7 0/7

‘ ;-a !rrel , red 0/2 0/2 0/2 0/2 0/2 0/1 1/2 0/2 2/2 0/2 0/2 0/2

Squirr el , gray o/l 0/1 0/1 0/1 o/l — oh 0/:L oIl 0/1 0/1 0/1

t,oodchuck 0/2 0/2 0/2 0/2 0/2 — 0/2 0/2 0/2 0/2 0/2 0/2

0/2 0/2 0/2 0/2 0/2 0/2  0/ 2  0/2 0/ 2  0/2  0/ 2

-~ r ,-.1-.it e -taj 1pd , Cc~ n. 2/131 0/131 20/139 5/139 2/11 2/8 2/11 6/133 2/ 133 2/131 1/ 13 1 3/1 37

Deet . WI~1t a - t a j 1 e d . N.Y . 0/63 2/63 14/63 0/63 — — 0/63 11/63 3/63  3 / 63

4

~~~63

Total M .il s 9/902 4/902 41/910 30/898 82/383 2/345 29/245 29/58 13/587 7/ ’V-~5 9, ’ n-5 b€- ,’~ 92

Turtle . spotte d 2/3 0/3 0/3 0/3 — — — — — — 0/3

Turtle , paInted 1/4 0/4 0/4 0/4 0/2 0/2 — C12 0/2 0/2 0/2 0/4

Turtle , wood 0/3 0/3 0/3 0/3 0/3 0/3 — (‘/3 0/3 0/3  0/3  0/3

Turtle , F~’i~’p f ng 0/1 0/1 0/1 0/1 0/i 0/1 — ~‘I1 oIl 0/1 0/1 0/1

Snake , garter 0/2 0/2 0/2 0/2 — — — — — — — 0/2

Total Rept fl -s 3/13 0/13 0/13 0/13 0/6 0/6 — 0/6 0/6 0/6 0/6 0/13
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Table 58 . Group B HI titers on deer sera (positives only) collected
in Connecticut during 1976 and 1977

Deer SLE SLE
Number BeH 203236 Parton POW MOD CBR JUT RB TBE LI TYUL

212* >4O** —

2305 20 — — — — — — 10 — 10

3024* ~80 — — — — — — 10 — —

3252 80 — — — — — 10 — 20

3256* 40 — — — — — — — — —

3257* 40 — - — — — — — — — 10

3260 160 10 20 — — — 10 10 — 40

3263* 40 — — — — — — — — —

3264 80 — — — — 10 — — — 20

3265* 160 — 20 — — — — — — —

3266 ~8O — — — — — — — —

3212* 40 — — — — — — — — —

3401* ~320 20 — — — 10 40 — — 40

3403* ~-l60 — — — — — — — — ~320

3429* 20 — — — — — — —

3432* 40 — 20 — — 10 — — — —

3433* 20 — — — — 10 — — — —

3458 — — — — — 20 — — — —

77-3 10 10 10 10 10 10 — 80 — 10
77—4 40 20 20 20 10 20 — 160 — 80

*Deer less than one year old.
** Reciprocal of serum titer; — equals <1/10.
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- i ’ u i n m i  r v ey  of scial l  v er t c ’h r : ;t i s  Ic  em ~~~~~~~~~ A. Ma i n .  Sc rum
o-; : 211s f r om  /0 birds amid 21 ,;;nai s cc l lu - u -ted i i i  Il ivo i ;; ne , ~b - i ; u - L a 1
d u r i n g  -January and F eb r u a r y , 1977 w ere  tented b y l IT  f o r  - i  I b od ic s
ag a i n st  g r o u p  A (5 a nt  1~~u :~s) , group B (1  2) g r o up  Ca i i  Ia i - n i  a (1)
group Si  -; Lu (3 ) ,  g roup  liii c -but  onus f e v e r  (1) , a ii d  two i t u c i oup ed
v i r u s e s  (I’ ahl  e 59 ) . Croup B i t i h i b i  t i ni was act ~.-d in beth hi rds
rind m eim in a l s , b u t  c r o s s — i t - a c t  i v i t y  p r i - v u - i t  s h u t  - m - p i  - i  ; t i o n  of t h e -se
r e su lt s  w i t h out  f u r t h e r  tint ing (‘lahi e 60 ) . l w t I t~~red I - ib i t  i on
o f N du mti , L m i ~~ho , ant i  S :mmi go  a nt  i g ui ~s l i L  iLn e i’ved in a na l 1~ nunuhue r
of mammal sera (Table 61 ).
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Table 59. Results of hemagglutination—inhibition tests on sera from birds
and mammals collected fn  Savoigne, Senegal during January and
February 1977.

BIRD S MAMMALS

VIRUS ‘umber Number Percent lumber Number Percent
tested positive* posit’Ll.re tested positive* positive

Group A
Chikungunya 70 0 0 21 0 0
Middelburg 70 0 0 21 0 0
Ndumu 70 0 0 21 2 9.5
Semliki Forest 70 0 0 21 0 0
Slndbis 70 0 0 21 0 0

Group B
Banzi 70 8 11.4 21 10 47.6
Dengue l 70 0 0 21 0 0
Dengue II 70 0 0 21 11 52.4
Spondwe ni 70 0 0 21 4 19.0
Uganda S 70 1 1.4 21 10 47.6
Usutu 70 1 1.4 21 4 19.0
Wesselsbron 70 2 2.9 21 4 19.0
West Nile 70 1 1.4 21 4 19.0
Yellow Fever 70 1 1.4 21 3 14.3
Kadam 70 0 0 21 0 0
Langat 70 0 0 21 1 0.5
Dakar Bat 70 1 1.4 21 4 19.0

California Group
Lumbo 70 0 0 21 2 9.5

Sinibu Group
Sango 70 0 0 21 6 28.6
Sathuperi 70 0 0 21 0 0
Thimiri 70 0 0 21 0 0

Phlebotomus Fever
Group
Gordil 70 0 0 21 0 0

Ungrouped
Bhanja 70 0 21 0 0
Witwatersrand 70 0 0 21 0 0

*posjtjve = ~ l: 2O -

Underlined viruses are of recognized public health importance.
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Table 61. HI titers of sera from mammals collected in Savoigne,
Senegal, during January and February 1977

Chikun— Middel— Ndumu Semliki Sind— Sango Sathu— Thimiri Lumbo
__________ 

gunya burg Forest bis pen

SenN—l2—77 <1/10 <1/10 1/40 <1/10 <1/10
SenM— ].3—77 <1/10 1/10 1/20 <1/10 <1/10

Senl’l— 1—77 1/40 <1/10 <1/10
Senl4— 9—77 1/80 1/10 <1/10
SenN—ll—77 1/40 1/10 <1/10
SenN—l5—77 1/20 <1/10 <1/10
SenN—l7—77 1/40 <1/10 <1/10
SenN—23—77 1/20 1/10 <1/10

SenN—11—77 1/20
SenN—20—77 1/40
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V . F l u i d  St iid I i’m-i  _I u  (‘o n 1 m e c t ’ l c i L t

‘ m 1 h r o p u ~d V i ’ld  S t u d ie s .  A. ~1ain , S. h t i l u l r eth , K.  l < l u u t u ’ r , S. R i u : ’~’:n ,
R. ‘a I I is. M, ‘- a~u it o a m i i ’vi 1 1 l ru iice , m :  ~) u ’I1 - -u1 ’ed by t lie (~~ i u 1 ; u u ’ c  11  C u t  ~~‘p:u i’t— .

It of lIca l, t :hi ~~-u m-i qu i  t o  (‘tin t rol “1 vi m: ion , was c-out i n m i e d  this y - i r .  P~u—
cause  of the  r e l a tiv e l y low u m b e r  (If b I t  I iig flit’s ( :0 11 i- i :  t ed  I io Cu im ii &’i ’ t i—
c u t  d u m ’ I m g t l~c 1977 scam-ion , we w i - r e  ab l e  to f I i i  ish t e st  i m i g  p u - u ’ I ra ilS

f r i i m m i  19/5 ari d 1976 .  ‘t h i s  r - a i i l  t ed  in ;m d di t ana l  i : ;o l a t e s  f r o m  t h e s e
t i n ier c o h i e u ’ I i O f l S , i~l i m s  t h e  i u l ~- i u t  i f i c : i t l o n  of :11 m a i n s  m ’ecovei~l u - t r u e r ;
t h er e f o r e , a 3—y ea r repor t  Is  i n e l t i u l d here . D a t a  f i  no f i e l d  u - o i  1, ’ c t l u u mis
in 1977 ace . L i icu mp l u ’ t  ci; col 1 ec t i o n s  f r o m  ( ) ld  I m p  , Lvm n c ’  , Eas t  bhm djam ,
K i l l  i m i ’~ :orth ( S i t e  i i  and j i b ) ,  Ni I i i m m g w o r t h  ( S i t e  TV ) , and M : m d l : ; , i i i  ( 12 1g a)
rc: :-::li n u n t e s t e d .

F l : ’n , Ior s  v i r u s  m,a~ , i ’ ,’, r ed f i rs 26 (isle :1( 1( 1 1 l i un a l  i n o l a t c i  IS met

id o nt i f  I ~-d)  poo1s of - ‘ ‘- ap I  toc ’s (‘l’ahl  ‘m; 62 , 63 ) . Overall minimum field
infection rates f o r  the t h i r e c - - y u n i r  u e r i o c l  w e r e  h i gh e s t  for  Culex j, ip ie_p~~
(1: 115), Cul ex restum ans (1:339), and Culiseta :‘ue l an i rr a  (1:734)  — all
o rn i th o p hi l i c  spec ies .  S ing le  i s o lat e s  w e re r ec-ovei’ ’d frc, m Culex
s a l in m i ri u s  ( 1 :2626 )  and Coq< c i i l l e rt  Ia J) , - r t u i -1:, ns ( 1:2350 1) ,  bo th  prc -dom—
i nat e l y  m ’ m:mi- ’ - ’m a l  feeders. Flnniltmrs virus was not recovered from 36 Culex
(34 Cii iex r e s tuans )  or 11 C ul l - s o ta  larvae  nor f rom 4229  Culex (at  least
3812 Cuiex restuaims) and 2651 C,p~~i se ta  (at l e a s t  2294 Cul i se t  m e l a nu r a )
males (Table 6 4 ) .  Fai lure  to f i n d  F landers  v i rus  in larvae or ma le s  is
an i n d i c a t i o n  that  t r a n s ov : ur i a l  transmission is  u n l i k e l y  in these species .

California encephal i t is  group viruses  were recovered f rom 12 mosqui to
pools and f rom one lot of deer f l i e s  (Table 62 ) .  Nine isolates were f rom
Aedes abserra tus  (1:349) f r o m  1-l amomon asset River  s tud y s i tes  I (1:368) and
II (1:157) where the m a j o r i t y  of the  -~ :d7S ab se r r a tu s  were co l lec ted .  Two
of these s t r aIn s  were p rev ious ly  i d e n t i f i e d  as Jamestown Canyon v i r u s,
S ing le  isolates were also recovered f r o m  Chrysops  obsoletus ( 1: 6 2 ) ,  Aedes
au r i f e r  ( l :2 04 ) , Ac ’des vexans (1: 13000), and Co~ uil1ettidia perturbans
(1:23501) . Too few Ch~ y~~~p,~ obsoletus and Aedes au r i f e r  were tes ted  to
d e t e r m i n e  the significance of these u n t y p e d  Cal i forn ia  group isolates :
Jamestown Canyon v i rus  was reported f rom a pooi of deer flies (Chrysops
cincticornis) in Wisconsin and snowshoe hare virus was recovered f r o m
Aedes aur i f e r  in Massachuset ts  on several occasions. Virus was not iso—
lated f rom 9371 immature  Aedes (7 species) inc luding 8267 Aedes t r ’ I se r i at us ,
nor from 5294 adult  male Aedes (at least 11 species ) Table 6 4 ) .

There was no evidence of eastern or western equine encephrilomyelitis
viruses in Connecticut during this three—year period. However , above nor mal
precipitation this fall (generally a p re—requ i s i t e  for  a very success fu l
overwintering population of Culiseta melanura and often a signal for in-
creased enzootic activity of these two viruses the following year) means
that vigilence must be maintained next season .

In an effort to isolate an etio’Logic agent of Lyme disease , more than
3000 ticks of nine species were tested in suckling mice during the past
three years (Table 65 ); a proportion of these was also tested in guinea
pi gs , hamsters , Vero cells , BHK—21 cells , and CER cells. A rickettsia—
like organism was recovered in BHK—2l cells from a pool of Dernia ceritor
variabilis and two strains of mouse hepatitis virus were”isoiated ” from
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D. variabili s and Ixodes dammini (=1. scapu lar ia in part) in suckling
mice during 1977 (Table 63 ) .

Populations of I. dammini were abundant east of the Connecticut
River in the Lyme disease epidemic area where the immature ticks are
found on small mammals and birds ; and the adults, on larger mammals,
particularly deer (Tables 66~67,68). D. variabilis utilize the same hosts
(excluding deer) throughout southern New England. There is a significant
correlation between the distribution of I. dammini and the distribution
of cases of Lyme disease east of the Connecticut River.
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Ar thropod collec ting sites in Connect icu t  for  1975 (s), 1976 (~3), and 1977 (s) .
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TAble 62. Adul t (i-mulc b i t ing  (Ik~u u-o Ili•t~i i d  In Conni-ci l i a r  daring
1975. 1976 . nail 191 7 und m u ted  f .’ r n rhov i n i l  liii .- .- L Inns .

1975 1976 19 17 *

Anophe les cruc in ns 8 2 0
Anophe les p unct i pennha 245 565 414
Anophe les quadrtmacu lat us 0 21 30
Anophe les w alkeri  7 41 14

Aed ee abserr at u s 212 cc 744 c 2184 cccccc
Aede . a ur ife r  149 51 4
Aedee cana den sis 2775 12681 3823
Aed es cant et or 1253 4046 507
Aede s cinereu . 94 2444 740
Aedee eecru cta ns 203 491 426
Aede. fitch t i/a t t au u la ns 72 289 146
Aede s .ticticus 2 6 0
Aedes so llicitan a 617 483 36
Aede. tr iseri at u g 663 796 140
Aedes t r tvi ttat u a 216 300 57
Aedea vexan. 5381 C 7515 104

Cu le x p ipiena 201 Ut 239 20
Cu lex re st uan s 775 tUtU 3361 f f f f f  281 ft
Culex .alina r iua 1419 ft 1124 83
Culex ter ri tan a 60 138 14

Culiseta meisnura 166~ f f f f f  8 2696 fit 796
Cuitseta morsitana 159 449 109

Coqui llett id ia per turban s 2319 19197 cf 1783

Psorop hor a ciliat a 1 0 0
Peorophora ferox 34 75 0

Ort hopodo myta signit era 1 1 0

Uranotaenia sapp hiri na 313 546 80

cccc cc
TOTAL CULICIDAZ 19048 f f f f f f f f f  58307 fff tff f 11793 cccccc

ffffffff u ft

Chrysops specieg 2590 (14) 1639 (22) c 25 (3+)
Hy bomitra species 47 ( 4) 38 C 4) 0
Tabanua species 15 ( 1) 152 ( 9) U. (2

TOTAL TA3ANIDAE 2652 (19) 1829 (33) c 36 (5+)

Coephia specie s 0 20 C 1) 1 (1
Prosimulium species 0 1103 C 4) 21 (7 )

• Simulium species 339 (2) 488 C 5)  27 (2

TOTAL SIMIJLIIDAE 339 (1) 1611 (10) 49 (3+)

Symphoromyis species 0 663 (1—2) 0

TOTAL REAGIONIDAE 0 663 (1—2) 0

Cu licoidea species 0 36937 C 2)  196 C 2)

TOTAL CERATOP000NIDAE 0 36937 C 7)  196 C 7)

Otnithoneys spec ies ~ (1) 0 0

TOTAL HIPFO8OSCIDAZ 2 (1) o a

TOTAL DIFTERA - 22041 (47+) 9934 7 (73+) 12071 (31+)
cccC ccc cccccc
f f f f f f f f f  f f f f f f f  f t
f f f t f t f t  U

*1977 arth r opod. not all tested ; only test ed specimen. included here.

C • Califor nia group virus isolat e
8 — Flander s viru, isolat e
it Unidentified virus 1.olste

Number of specimens tested (number of species in parentheses).
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table 63. Virus isoluet l,nus from ortiropoda i’ollccr ,-d in Coon, - , - Fl u - ar during 1975 • 19 76 • uuuu d 1971.

Poo l Number S 
~~~ 

lea Number A ge Sex Date Ar ea Site V i r u s

h art P,r~ Group

A r— 176—7 5 Culex reutu,-anu 57 adult fema les  18. — v i — j l . v i i . 7 5  Clinto n Aquariu s Stables Fli.uuders

Ar-10 2—75 Culise ta rn,-lue, uura 44 ad ult female s l9-20.vit.75 Nllli n 1 ,worth Site I Flan ’Ii- rs
A r—24 1— 7 5 Culex p i ple ns 19 adult u ,’,,,.uleS 09—lR .vit.75 Killingwo rth Site I Fland ers

Ar—29 0— 75 Cule x sali narl ui s SO adu lt females 24-25 .vil .75 ° , l ls o n Mm- quito Control Hq. F1,,n -I, rs

At—SiO--- 75 Culex testuarut, 73 •~uiu~~ fem aleS O2—31 .vtj.75 ~i. Madi son SIte III FLanders
Ar—3 ll— 75 Cullu et a ,ne laruura 87 adult females 07—3 ivii.75 N. N ,,dison Site lit Flau, ders

~r— 13O—7 5 Cu l i u e r a  melanura 47 adult femal,ea l4—15 .vii i.75 K illlngwo rth Site I Flanders

Ar- -355— 75 Cult~eta melanura 47 adult females 20—22 vi1t.75 Filli ngwor th Site I Flanders

A r—381—7 5 Cu11~-’-t a me l anura 4 adult females 22— 2Lv iii .75 K i lli n g ~ orth Site I Fl0,,-iers

A r—410—75 Culiseta mela nura 50 adult females 01 23.viii .75 N. Madison Site II Flanders

A r— 434--75 Cul,ex pip i r - ru s 42 adult females 07.vit—22. viii .15 N.  Madison Site  III Fl anders
Ar— 435—75 Culex res tuans 81 adult females l9.vi—22 .vi li .75 N. Ma dison Site III FI,~.r,3e rs

A r—457 —15 Culex restu ,ans 48 adult females 26—lLv iii.75 N. Madison Site III Flanders

Ar— 5 8l—755 Cu lex p ip iens 36 adult females 23 vi—l,5 .viit .75 W.-~ t brook Meadowlark Road Fl ,,nders

Ar_ 592_ 75* Culex p tpien s 45 adult females 23 .vi”lLviit.75 Guilfo rd Long Hill Road Fl~,~~ ers

Ar_ 600_ 75* Culex r,:-.t uans 45 adult females iS vl t—3 1.vii i .75 u’,u ilford Long Hil l  Road Fl, ,,-~~rs
Ar_ 60l_ 75* Culex resruans 62 adult fer ,,les 06.viii— 04.tx .75 Gu ilford Long Hill Road Fla n d e rs
Ar_ 443_75* Co q o i l l o t t i d l a  m ,crt urbans 94 adult females 06—i)7 .vii.76 Clinton A quar ius Stables Flanders
Ar_ 473_ 76* Culex restuans 25 adult fenales 23.vi—30.vii.76 New Haven Morris Cove FLan ders
A r—83 l— 765 Cu lisera molani,ra 33 adult females 26—27.viii.76 N. Madison Sire II Flanders
Ar_ 881_ 76* Culex restuans 55 adult females 0S—09.viii.76 Clinton Aquarius Stables Flanders
Ar—887— 765 CoLas restuanr 43 adult females 24—26.viij.76 Clinton A quarius Stables Flanders
Ar_ 986_76* Culex res tuan -i 32 adult females 20 30.ix.16 East Haddam Smith Road Flanders
kr~ lO56~765 Culex rest uans 39 adult females 14—]5.ix .76 Clinton Aquarius Stables Flanders
Ar_ l24_ 77* Culex restua,,s 26 adult females 13.vi—2l.vtii .77 N , Madison Sites II & III Flanders
&r_ l32_ 77* Culex restua ls 37 adult females 13.vi—26 .vii.77 Klllingsuorth Sites I 6 IV Flanders

California encephalitis Group Viruses

Ar— 74—75 Aedes absetratus 41 adult femaleS 17—20.vi .75 N. Madiso n Site II JC
Ar— 78—75 Aedes vex~ns 25 ad ult femaleS 16—20 .vi.75 Madison M osquito Control Sq. JC
Ar— 83—75 Andes absorratum 25 adult female5 19—29.vl-.75 Killirugworth Site I JC
Ar— 623----755 Andes aurifer 63 adult femaleS l6.— vi 13.vti-i.75 Madison ,Cl inton ,

Guilford ,Wcs tb rook —— NT
Ar— 64—76 Andes abu.erratus 33 adult females QZ—03.vt.76 KUhin-g’aotth Site I WI
Ar~505~ 76* Coquille~ t idia pe rturbaus s 100 adult femaleS Ol— 02 .vii .76 Killingworth Sire I NT
Ar_ 1274_ 76* Chrysopa obsoletu s 59 adult femalea O1—28 .vit.76 Old Lyme , Lyme . — NT

East Haddam
Ar— 47_77* Aede s abserratus 50 adult fema1e~ 02—03 .vi77 N. Madison Site II NT
Ar— 99_77* Aedes abserratus 50 adult females 24—25.v .77 Kiiiingworth Site I NT
Ar_ 108_ 77* Aedes abserratus 48 adult f emales 02—03 .vi .77 Ktllingworth Site I NT
Ar_ lll_ 77* Aedes abserratua 43 adult femaleS l3—l6.vi.77 N. Madison Site II NT
Ar_l12_77* Aedes abse rratus 50 adult femaleS l5.vi—Ol .vii.77 N . Madison Site II NT
Ar_ 114_ 77* Andes abserrarus 46 adult females 13—1 6.vi.77 N . Madi son Site II NT

hlnidenti fi ed Viruses (and mo use hepatiti a ) - 
-

Ar_ 1O5O_ 76* Culiseta melanura 21 adult females O1—28 .ix.76 Lyme ——
Ar— l59—77~ IxodeS dammin t 1 adult male 03.vi .77 Killingvorth Site I mouse hep.
Ar— 232— 77k De rma c~nt or variabilis 7 adult females 07 .vi—10.viii .77 Lyme — mouse

- hepatitis
Ricke ttsia—like Organisms

Ar— 28—77’ Dermacentor variabilts 10 adult males 20.iv—01.v.77 Deep River — NI

‘No t included in earlier Annual Report.

IC • Jamestown Canyon viru s
NT — Not Typed

- 
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Tab le 64. Immature and adult  male Diptera collected in Connecticut
during 1975, 1976, and 1977 and tested for arboviral infections.

1975 1976 1977*

Immatures :
Aedes species 8202 (4) 1163 ( 7) 6 ( 1)
Culex species 0 36 ( 2) 0
Culiseta species 0 11 ( 1) 0

TOTAl. CULICIDAE 8202 (4) 1210 (10) 6 ( 1)

Culicoides 152 (1) 0 0

TOTAL CERATOPOGONIDAE 152 (1) 0 0

TOTAL DIPTERA (immatures) 8354 (5) 1210 (10) 6 ( 1)

Adult Males :
Anopheles species 0 37 ( 1) 16 ( 2)
Aedes species 0 5172 (11) 122 ( ?)
Cu lex species 0 4158 ( 4) 71 ( ?)
Culiseta species 0 2476 ( 2) 175 ( 2)
Coquillettidia species 0 94 ( 1) 15 ( 1)
Psorophora species 0 3 ( 1) 0
Uranotaenia speices 0 313 ( 1) 27 ( 1)

TOTAL CULICIDAE 0 12253 (21) 426 (8+)

Chrysops species 0 0 3 C 1)
Tabanus species 0 23 ( 1) 0

TOTAL TABANIDAE 0 23 ( 1) 3 ( 1)

TOTAL DIPTERA (males) 0 12276 (22) 429 (9+)

*
1977 arthropods not all tested ; only tested specimens included here.

Number of specimens tested (number of species in parentheses).

86

_ __ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  
A



--
~

- -- ~~~~~~~~~~~~~~
-- -—-- -

~~~~~~ 

_

Table 65. Ticks (Ixodidae)  col lec ted  for  Lyme A r t h r i t i s  s tudies  
-

in Connecticut , 1975 — 1977

IMMATURES ADULTS TOTAL S

_ _ __ Iarva~~~ ny riphs mal es females  col lected tes ted

Txodes

“scapularis” 1556 196 795 336 2883 1948

brtrnrieUS 0 2 0 1 3 3

cookei 1 12 0 16 29 29

denta tus  55 2 2 2 61 61

texanuS 9 1 2 0 12 10

Dermacentro

albipictus 0 9 133 38 180 27

variabilis 192 40 247 387 866 858

Haemaphysalis

1ej ~~~~~p~~~us tr i s  52 10 0 0 62 62

Rh4p~ cepha 1 us

sanguineus 0 0 13 5 18 18

TOTAL S

collected 186-5- 272 1192 785 4144

tested 1864 261 376 
- 

515 3016
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Tab le  67. I X O d I ’ S  h 1 ! : - I I I h i f l l  i uiinatures from W1 )1t~~— fooLed 1111CC (!-iu: ~y~~~t is
1 I t 1 ~ - o j ) L I S )  and  a i h il t s  f r o m  W1i j t ~e - — t a i l e d  deer (Odo~- o i l  - ‘ I S

v i r ~~in i a n t h s )  co ll ec t e d  west and east  of the  C o i c t i c u t  R i v e r
— d u r i n g  1977.

West East

Immature ticks from Mice

Number of mice  examined 143 197
Mice in fe st e d  wi th  I . dammj ni  12 112
Number of I. dammini  29 498
1. dammini / infested mouse 2.4 4.4
I. dammini / mouse 0.2 2.5

Percent mice infested 8.4% 56.9%

A d u l t  ticks from Deer

Number of deer examined 42 31
Deer infested with I. dammini 10 25
Number of I. dammini 63 758
I. damrnini / infested deer 6.3 30.3
I. danmini / deer 1.5 24.5

Percent deer infested 23.8% 80.6%
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V er t e b r a t e  F i e l d  Studies : During 1977, the following vertc-hrates
— p ies i u  ( o ; i - c  t i cu t :

Oi -g a n

C 1’ t u res* ~f lI fl pl  od 
~ p 1 ed

~--l 1 i t ~~ - Fo ot e d  n i c e  ~39 230 65
M~~~ luw V o l e s  5 3 4

~~~~~ -~~J ’kcd Voles 1 1 0
Eas t e r n  Lii t p l I I u nk S  9 9 3
Red ~, t I i  r e l s  1 1 1
S h o r t — t a i l e d  Chr -vs 7 5 6

14 14 0
S. r~~p , d  skunk 1 1 0
L i t t l e  Br yn Bats 13 13 3

~l i i t e — t~ii1ed Deer (70) 70 0

TOTAL :-~~ -~-~\L S 460 397 82

wood Tur t les  3 3 0
Painted Turtles 2 2 0
Sn~ pp ing Turtles 1 1 0

TOTAL RL1’ TILES 6 6 0

*
In c ludes  r e c a p t u r e s .

Blood  o -:::~p 1es f r o m  t h r ee  wh i t e- - foo t ed  mice  f r o m  1977 were inocula ted  in to
s u c k li n g  mice;  a l l  were nega t ive  fo r  v i rus . Liver and/ or  sp l een samples
f rom 230 w h i t e — f o o t e d  mice , 4 neodow voles , 1 red—backed vole , 1 s h o r t —
tai led shrew , 1 eas tern  chipmunk , 1 big brown ha t  (also b ra in , salivary
glands , heart , lung, kid ney,  and brown fat), and 1 house sparrow (plus
b r a i n )  f rom 1976 were also tested in s u c k l i n g  mice;  no v irus  was i so la ted .

~-~ost of these animals were t rapped  by personnel  at the Connecticu t  Agricul-
tu ra l  Experiment Station .
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VI . D1a~ nosis of Disease

An t i b odies for  1 rb ir ses ifl j~it 1 e nt s  w i t h  ~~~~t -encep 1 alft1s~~ nd
idiopathic Parkinson ’s disease. T. E. E l izan , J . Schwar tz , M.D.  Yahr
and J. Casals. The possible association of viral infection of the  CNS
and Parkinson ’s disease has been suspected since the pandemic of Von
Economo’s disease in 1916 through 1926 , but  neve r proved.  With  the
recent developments in the study of slow viral infections , there has
been a renewed interest in the search for possible viral agents in
Parkinson ’s disease. As part of a broad ongoing study for evidence of
viruses or viral—specific antigens in park insonism being conducted at
the Department of Neurology , The Mount Sinai School of Medicine , New Yo rk ,
New York , sera and CSF from patients with Parkinsonian signs and symptoms
were tested at YARU . The sera and CSF derived from patients with classi-
cal (Von Economo’s) post—encephalitic Parkinson ’s d isease, idiopathic
Parki nson ’s disease and non—1’arkinsonian neurolog ical synd romes , the
latter as controls.

The sera and CSF in increasing two—fold  d i lu t ions  beg inning at 1:10
were tested aga ins t 8 units of the following arbov irus an tigens : group A
(aiphavirus), EEE , WEE , VEE , chik ungunya , Mayaro , Ross River and Semliki ;
group B (flavivirus), Murray Valley en cephali tis, dengue type 2, Powassan ,
Wesselsbron , Zika, US ba t salivary gland , St.Louis encephalitis and
Bussuquara; group California , California encephalitis virus ; and group
Bunyamwera , Batai virus .

The result of the survey is summarized in Table 69 . In the table
can be seen that all the CSF —— 16 from idiopathic Parkinson ’s d isease
and 19 from controls — — were negative; and only 19 sera from a total of
124 from the three groups studied were positive for an antigen or seve ral
an tigens. Table 70 shows in detail the reactions given by the posi tive
sera; in general, MVE and SLE antigens showed the highest reactivity, with
3 or 4 sera (#514, 381, 392) giving the type of HI reaction pattern
associated with super infections.

The result of this survey showed no causal relationship of the viruses
used in the tests with either post—encephalitic or idiopathic Parkinson’s
disease.

Table 69. ilemagglutination—inhibition tests with sera and CSF from
Parkinsonians and con trol pa ti ents

Disease catego~~ 
j
~-_______________ 

Number

Sera CSF
____________________________ Total Positive Total Positive

Controls 50 10 19 0
idiopathic Parkinson 45 7 16 0
Post—encephaliticParkinson 29 2

‘U.

_ _ _ _ _
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Table  70 . lli mn ’ p l u t l n a t l o n — I n h j h f t i o n  t es t s  w i t h  sora f rom
r. ic I ~~ an a nil t ro 1 p~ I I i I S

~~~~ i~~’L~fl

( 1 H ~~e iy  Serum II MVE 1)2 2’~W ~. i . s Z I K A  L.;1~ ~- I . E ‘~~~~~ ‘ ? 1  ‘ I~ ~~

Cont rol ~81 ~~~~ 20 40 60 4 0 bO 160 80 —

389 — — 10 — — —

391 10 — — — — — — — — —

392 80 80 10 10 SO 40 40 20 — —
497 — — — 10 — — — — — —

‘t98 — — — — — 10 10 — —

548 20 — — — — — 10 — — —

560 10 — — — — — — — —

567 20 — 10 — — — 20 — — —

586 — — — — — — 10 — — —

T d i o p a t h i c  14 80 — 20 20 10 LU 40 20 — —
~‘:i rk j~~~oii ’s 478 80 20 10 10 20 20 20 20 — —

Disease 505 — — — — — — — — — 40
514 1.280 320 320 320 320 640 1280 640 — —
540 10 — — — — 10 — —

585 40 — — — — — 10 — 10 —
591 10 — — — — — — — — —

P os t— Fu ceph a l i— 533 10 — — — 10 — —
t ic  Packinson ’~ 559 40 40 20 20 20 10 20 20 —

~)iL~~Ise

*
— Values are reciprocals of serum titers ; — = negative , no inhibition.

Absence of inc reased antibody rc spons  e to arhov i ruses in i~pt opj~~~
l a t e r a l  sc leros is  and mu lt i p le s cl er o s i s .  R . J. Kn a c a n k , R. E. Shope.
Complemen t—f ixa t i on  and h er n a g g lu t i n a t i o n — inh i b i t i o n  t es ts  were coL1~ uct cd  On
the  sera of 23 p a ti~’nts wi th  a~ayot r~~~h ic  la te r a l  sc le ros i s  (ALS) ;~n d 20 wi th
mul tiple sc leros is (MS) employi ng a vari ety of arboviral an tigens. The s tud y
was done in collaboration with Dr. Kascsak of the New York State Institute
for Basic Research in Mental ~etardation. Seventy—ei ght CF and fifteen HI
viral anti gens were ut il ized repres en Ling togav iruses , orb ivir uses , rhado—
viruses, bunyaviruses , arenaviruses and several ungrouped agents. The
serologic results (Tables 71 and 72 )did not ind ic ate any relationship
between these viruses and either amyotrophic l iteral sclerosis or niltiple
sclerosis . One control serum inhibited Lone Star anti gen and a different
control serum reacted in the CF test. The specificity of these reactions
is not yet established.
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Table 71. Serum hemagglutination—inhibition activity against selected
arboviruses

RI Activity

Group Antigen ALS Neuro.
MS ALS Contact Controls Controls

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(20)* (23)* (13)* (28)* (21)*

Alpha Eastern Equine — — - — —
encephalitis

Western Equine — — — — —

encephalitis

Venezuelan Equine — — — — -
encephalitis

Mayaro — — — — —

Flavi Modoc ~~~ 2 2 4 —

Powassan — — — —

Dengue —2 1 2 — 1 —
Yellow Fever — — — — —

California La Crosse — — — —

Anopheles A Tacaiuma — — — —
Phiebotomus
- fever Punta Toro — — — — —
Simbu Mermet — — — — —

Turlock Turlock — — — — —
Ungrouped Lone Star — — 1 —

*Number of individual sera.
**positive at a 1:10 dilution or greater
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‘ r1 ~1 c 72. Sert u ~~~~~ ~ ~~~it  — 1  I ~: I- 1 ti ;u v u  y ;~~~~. I  H - I  I.

r r ;~~; . ’-d ~ J •
~~- H .) ~~’ I  - -

:1’ - I
~i I  ( coup - . . ~~~~ ( ) i

~ - ~ r~~ - - i t  :11 ~~~~~ 
.~~.S r u

\ ‘ i r i v - ; ’ s ~LS AL S  or~ -t  C~~~i is  (
~~~~i~ rol

-~~~ - - - -  

(~~~j ) *  ( ; !~~)* ( 1~~)* ~~~~~~~~~~~~

1. \H’~Thelc~s A 2 — — —
2.  ~~~~~~~~~~~~~~~~ I — — — —

3. ‘1 n t ~ ; e  1 — — — — —

4. i n  . .:

I•
~~~1

~ - ‘ .:~ r a 4 — — — — —

Crvu p C 2 — — — — —

4 — i~~~~~ 
— — —

(~~. ‘ 5  ~ Ia  3 — — — — —

2 — — — — —

1 — — — — —

4 — — — — —
c~ ted 3 — — — — —

5. ‘r H i LIt I C
cu ~ ~~~ Ic

~~~~~~~~~ of ~ee r 1 — — — — —

6 .  ~iies 2 — — — — —

7 .  Ku ’o d i  1 — — — — —

8 .  !<ei~~ rovo 1 — — — — —

9.  -~-~ itta 1 — — — — —

1.0. PIlleboLemLls
6 — — — — —

ii. T;’earibe 5 — — — — —

• 12. T~ :-bo 2 — — — —

13. Toga
Al pha 3 — — — — —

Flavi / — — — 
- 

— —

14. ‘r~irlock 1 - — — — — —

15. t~u~~r & uped 17 — 1 
—

16. Vesicular 3 — — — —

SLo.~~ttit1s

~- -i)er of i IJiv idual  sera .
at 1:8 dilution.

~~~l Tndlvid ual positive against both Nariva and Lone Star viruses.
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Isolation attempts from patients with Lyine Disease. S. Buckley,
A. Main, and A. Steere. Seven blood samples, one synovium, and one sk in
biopsy from Lyme disease patients in Connecticut were received from Dr.
Allen Steere for virus isolation attempts; all were negative on i.c.
inoculation in suckling mice. Acute phase sera, urines, throat swabs
and rectal swabs of five of these patients with fever and rash (prior
to arthritis) were examined for the presence of pathogenic agents also
in Vero and B}IK—21 cell cultures; urine, throat swab and rec tal swab
specimens were inoculated into Vero — and BHK—2l cell cultures only
(Table 73 ). No pathogenic agent was isolated.

Convalescent sera from Lyme disease patients were also tested with
66 viral and one rickettsial antigen by CF and/or III. Most of these
antigens were from local isolates of viruses previously tested on recent
isolates of “new” viruses (Table 74 ). Several sera reacted by CF with
a herpes virus and one reacted at 1:8 with Ar—159—77 and Ar—232—77, two
tick “isolates” of mouse hepatitis virus from Connecticut. Twenty—five
coded sera from Lyme disease patients and controls were tested with
these two antigens with negative results.

Encephalitis in Connecticut. A. Main. Serum samples were received
from two cases of encephalitis. The etiologic agent of one was identif led
as a western strain of WEE virus by a 4—fold increase in CF antibody
titer between acute and convalescent sera (Table 7fl. HI titers were high
in both samples. Antibody titers with a Connecticut strain of WEE re-
mained low. These results are compatible with the history of recent
travel in the western United States by the patient.

No diagnosis was made by serologic tests on a single sample from the
second patient (Table 15 ).

Tablel3 Lyme Disease specimens inoculated into tissue culture

Patient Specimen Date Cell line
________ 

inoculated

T.B. Serum; urine; throat, rectal swab 06/16/77 Vero, BI3K—21

N.E. Serum; urine; throat; rectal swab 06/16/77 Veto, BHI(—21

J.M. Serum; urine; throat; rectal swab 06/23/77 Vero, BHK—2l

S.D. Serum; urine; throat; rectal swab 08/04/77 Veto, BHK—21

M.W. Serum; urine; throat; rectal swab 08/04/77 Vero, BHK—2l
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Table 75. Results of HI and CF tests on three sera from two encephalitis cases:

K.P. D.G.
Antigen 08/12/77 09/02/77 09/09/77

CF HI CF HI CF HI

WEE (Connecticut) — 1:160 — 1:320 — —

WEE (California) 1:32 >1:1280 1:512 >1:1280 — —

EEE — — — — — —

VEE — - -

SLE — — — — — -

POW — — — — — —

US Bat Salivary gland virus — — —

Modoc — — —

Cowbone Ridge — — —

JG—128 1:10 — 1:10

Sc - - - - - -

Key - - - - - -

Tn - - - — - -

LaC - - -

CV - - 
. 
- - - -

Fla - - -

VSV . 
- - -;

CTF — — -

— — <1:4 in CF tests.
<1:10 in HI tests.
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