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EDITOR'S NOTE 


This FY 1982 Annual Progress report ie a general review of research activitiee 

of the U. S. Army Medical Research Institute of Infectious Dieeaeea, Fort Detrick, 
Frederick, MD, conducted on Medical Defense Against Biological Warfare Agents (U) 
under Projects 3M1G1102BS10, 3M161102BS10, and 3M162770A870 and In-House Laboratory 

Independent Research, Project 3A161101A91C. 


In conducting the research described in this report, the inveetigators adhered 

to the "Guide for Laboratory Aniaal Facilities and Care," as promulgated by the 

Corrittee on the Guide for Laboratory Animal Care of the Institute of Laboratory 

Animal Rerourcer, National Acadeay of Sciences-National Reeearch Council. The 

facilities are fully accredited by the American Association for Accreditation of 

Laboratory Animal Care. 




FOREWORD 

USAHRIID's MISSION 
=*  \ 

formal u i s s i o n  t a sk ing  USAMRIID reads a s  follows: 

Perform s t u d i e s  on the  pathogenesis, d iagnosis ,  prophylaxis ,  t rea tment ,  and 
epidemiology of n a t u r a l l y  occurr ing in fec t ious  d i seases  of m i l i t a r y  importance wi th  
emphasis on probleirm assoc ia ted  wi th  the  medical defense aga ine t  b i o l o g i c a l  agents  
p d  on those microorganisms which r e  u i r e  s p e c i a l  containment f a c i l i t i e s .  r? 1 O5 \ )10.4Cr- *a%,?\\E A  V-M w Oril\*\nF\-u&.G 

, . .\'I ' s /  -and f u r t h e r  Army guidance, USAMRIID performs i t s  Biologics1 
er L - ,.-- Agent Medical Defense research i n  support  of the  needs of the  t h r e e  se rv ices .  This  

,' a i s e i o n ,  and a l l  work done a t  USAMRIID, i s  i n  keeping wi th  t h e  s p i r i t  and l e t t e r  of 
f both of P res iden t  Nixon's 1969 and 1970 Executive Orders renouncing t h e  use of 
\ b io log ica l  and tox in  weapons, and the  U.N. Convention (Against)  . . . 

Bac te r io log ica l  (B io log ica l )  and Toxin Weapons . . . of 1972. 

11. DISSEMINATION OF INFORMATION: 

A l l  work conducted a t  USAMRIID is unclasei f ied .  Resu l t s  a r e  published i n  
peer-revlewed s c i e n t i f i c  l i t e r a t u r e ,  vhen accepted,  a s  we l l  a s  i n  annual repor ts .  
Oral  and pos te r  sees ion  presenta t ions  a r e  given a t  meetings of numerous na t iona l  and 
i n t e r n a t i o n a l  s c i e n t i f i c  s o c i e t i e s .  Results of value t o  o rgan iza t ions  ou t s ide  t h e  
U. S. Department of Defense a r e  shared wi l l ing ly ,  i n  t h e  hope t h a t  such sha r ing  4.11 
r e s u l t  i n  a d d i t i o n a l  in fo roe t ion  on the  v a l i d i t y  of s c i e n t i f i c  r e s u l t 6  o r  t h e  
e f f i c a c y  of nev products,  such aa vaccines,  o the r  b i o l o g i c a l s ,  o r  drugs. Numerous 
intra-U. S. and in te rna t io r i a t  col laborat ions  e x i s t  ar.d a r e  encouraged t o  expand. 
USAMRIID e s t a b l i s h e d  an Of f i ce  of Technology Transfer  dur ing FY 82 i n  order  t o  f u l l y  
irplement t h e  Stevenean-Wydler Technology Innovation Act of 1980. USAMRIID p r i n t s  a 
c u l u l a t i v e  bibl iography of published a r t i c l e e ,  which may be obta ined by a request  t o  
t h e  Ed i to r ,  USAURIID, Por t  Detr ick ,  Haryland 21701. 

THE STRATEGY OF TIie PROGRAM: 

A. The program r e s t s  on the  judgment t h a t  both n a t u r a l  i n f e c t i o u s  d i seases  
and p o t a n t i a l  b i o l o g i c a l  warfare threat*  e x i s t  which could s e r i o u s l y  i n t e r f e r e  wi th  
t h e  funct ions  of U.S. forces.  The f i r s t  requirement f o r  cons t ruc t ing  the  USAMRIZD 
program is  t o  a r r i v e  a t  an assessment a s  t o  which microbia l  and tox in  agents  a r e  the  
highest  p r i o r i t y  th rea t s .  Those agents f o r  which e x i s t i n g  medical defenses  a r e  
adequate a r e  s e t  as ide .  Those agents being addresses by o t h e r  agencies  wi th in  t h e  
U.S. o r  eleewhere a r e  l ikewise  s e t  aside.  Prom the  re f ined  l is t  t h e  a v a i l a b l e  
resources  a r e  app l i ed  i n  p r i o r i t y  derived from cons ide ra t ions  of t h e  e e v e r i t y  of 
t h e i r  t h r e a t  and the  s c i e n t i f i c  f e a s i b i l i t y  of developing improved medical defenses 
aga ins t  the  agent. 

B. The microorganisms o r  toxins being addressed (* - h ighes t  p r i o r i t y )  o r  
ured i n  coraparative s t u d i e s  during the  period of t h i r  r e p o r t  were: 

B a c t e r i a l  Organism 



--- - 

- -  

-S. pneuasbniae 
S. typhtmrium-
P.--mltoc ida  
B. _.- bronchoesptica 
--V. oarahemolytica 
-S. typhi 
S. eomnei 
-_LI 

Viral Organrsm -
Lass. fever virus* 
Bbola fever virus* 
Korean hemorrhagic fever virus* (~an t aan )  

~ 

Ri f t  Valley fever virus* 
Bolivian hemorrhagic fever virus (Uchupo) 
Arnentinisn hemorrhagic fever virus* (Junin) 
~ s & e  fever virus  
Congolcr i ran hemorrhagic fever virus* 
~ a n d flyfever viruu 
Eastern equine encephalit is  vi rus  
Venezuelan equine encephalor.pelitie v i w e  
Japanese encephalit is  virue 
Chikungunya virur, 
Pichinde virus  
Yellow fever virus  
Keystone virue 
Influenza virus  
Punto Toro virus  
Vesicular a toau t i t i a  v i rus  
Lymphocytic choriomningi t is  virus 
Xozambique virus  
Marburg virus  
Semliki forest  virue 
West Nile v i n e  
Banzi virue 

Rickettsia1 Organism 

Paras i t i c  Organism -
-P. falciparurn 
P. inu i  

Toxins -
Diptheria 
Botulinum A-C*, including C2 
Anthrax toxinr* 
T-2 and re la ted tricotheeene qcotoxins* 
Saxitoxin* 
Tetrodotoxin 
Staphylococcal enterotoxin 
Beta-bungarotoxin 



IV.  Goals 

For each of t h e  agents  being addressed,  t h e  goals  are: 

A. Pathogenesis:  S u f f i c i e n t  Imowledge must be gathered concerning t h e  
biology of t h e  agent and the  responses of the  i n f e c t e d  o r  in tox ica ted  hoet  
(genera l ly  i n  animal a o d e l s j  t o  provide a bae i s  f o r  progress  i n  the  appl ied  goals  
l l s t e d  below. Useful c e l l  c u l t u r e s ,  organ c u l t u r e s ,  and a v a r i e t y  of laboratory  
animal models mist be developed and exp lo i t ed  f o r  the  i n s i g h t  they can provide on 
t h e  pathogenic procevses i n  ran,  because i n f o r t ~ a t i o n  is l imi ted  f o r  many of the  
h u m s  d i s e a s e s  of concern. Epidemiologic s t u d i e s  a r e  conducted t o  ga in  i n s i g h t s  
i n t o  t h e  t r a n s m i s s i b i l l t p  of these  diseases.  

B. Improved Diagaosis: Because the  choice of medical in te rven t ions  f o r  
e i t h e r  t h e  prevent ion o r  the  treatment of i n f e c t i o u s / t o x i c  d i sease  can only be 
optimized vhen the  p r e c i s e  i n f e c t i n g / i n t o x i c a t f n g  agent is known, the  a b i l i t y  t o  
r ake  a r ap id  and e p ~ c i f i c  i d e n t i f i c a t i o n  of t h e  causa t ive  agent is an important 
component of a system f o r  medical defense. I d e a l l y ,  t h e r e  should be t h e  c a p a b i l i t y  
t o  confirm t h e  i d e n t i t y  of organisms i s o l a t e d  from t h e  environment, o r  t o  d e t e c t  
t h e  an t igen  i n  appropriate c l i n i c a l  samples taken e a r l y  i n  the  course of d isease .  It 
is a l s o  important t o  d e t e c t  ant ibodies  from c l i n i c a l  p a t i e n t s  i n  l a t e  i l l n e s s  o r  
convalesceoce. The technology requirements should be s u i t a b l e  f o r  use throughout 
t h e  a i l i t a r y  m d i c a l  system, including f i e l d  f a c i l i t i e s  opera t ing  with a u s t e r e  
resources.  Not only  m a t  the  t h r e a t  agents  of major concern be i d e n t i f i e d ,  but 
those  more coumn agen t s  which m a t  be considered i n  a f u l l  i r f f e r e n t i a l  d iagnosis  
a r t  a l s o  be i d e n t i f i e d  wi th  equal r p e c i f i c i t y .  

C. Preventio*1: Imnunization is the  m e t  e f f e c t i v e ,  conveaient, and 
economical ueans t o  reduce t h e  impact from i n f e c t i o u e  d i sease  on m i l i t a r y  forces .  
Th i s  goal ,  then,  c o m n d s  near ly  hal f  of USAMRIID's reeourcee. The bulk of t h i s  
e f f o r t  is devoted t o  preliminary o r  f e a s i b i l i t y  s t u d i e s  i n  laboratory  animale. Only 
a f e u  vaccLnes a r e  i n  t h e  immediate p r e c l i n i c a l  s t a g e s  of development, A s i z e a b l e  
nutlbtr of FDA-approved Inves t iga t iona l  vaccines a r e  being uaed t o  p ro tec t  l abora to ry  
perronnel.  Vaccire development is expected t o  cont inue a s  a mejor USAMRIID theme, 
r i n c e  t echno log ica l  advances o f t e n  allow t h e  improvement of vaccines which were once 
rtate-of-the-art acconplirharants. The a p p l i c a t i o n  of modern biology t o  vaccine 
development is presen t ing  oppor tun i t i e s  and chal lenges  not  foreseen a few yea r s  
e a r l i e r .  Pass ive  imnmnization, a c t i v e  ima~unization using k i l l e 3  o r  l i v i n g  
a t t enua ted  whole agent ,  o r  immunization wi th  rub-unit ant igens  achieved by o l d e r  o r  
newer oo lacu la r  methods a r e  opt ions  which m a t  ba evaluated compsratively f o r  each 
d i s e a r e ,  t o  a r r i v e  at t h e  optimum ilaraunizing method f o r  m i l i t a r y  fo rces  i n  va r ious  
rcenar ios .  

D. Treatment: An unexpected d i sease  outbreak can prebnpt the  oppor tuni ty  t o  
u r e  preverction, Treatment then becomes the  majoz medical means t o  l i m i t  damage t o  
t h e  ind iv idua l  and t o  maintain d l i t a r y  fo rce  e f fec t iveness .  For nurny of t h e  
d i r e a r e s  of concern t o  USAHRIID, r p e c j f i c  treatnrantr  which w i l l  r eve r se  pathology 
have not  yet  been developed. Therefore,  treatmen: s t r a t e g y  m a t  cone i s t  of opt imal  
ruppor t ive  c a r e  t o  g ive  the  host  defenses s u f f i c i e n t  time t o  respond and eliminsrte 
t h e  d i s e a s e  o r  toxemic i n r u l t .  For t h e r e  reasonr ,  research on improving treatment8 
a t  USAKRIID har  emphasis on developing new r p e c i f i c  t rea tments  and on maximizing t h e  
e f fec t iveneos  of suppor t ive  care  of the  in fec ted  o r  toxemic pa t i en t ,  



- - 

V. SUHMARY OF TRENDS I N  FY 8 2  

4. Since many programs a t  USAMRIID a r e  rmlt idiscipli3ary and ca r r i ed  out by 
mult iple inves t iga to r s  i n  s h i f t i n g  cocsor t ia  over several years ,  the mater ia l  
covered by t h i s  annual report  may give only a fragmentary ins igh t  of the overa l l  
program and i t s  progress. In  the  following sections, t recds  and accomplishments a r e  
highlighted. 

B. General Progress Highlights during FY 82: FY 1982 was a highly productive 
and eventfu l  pear  f o r  USAMRIID, with its rerbtrch p rogra~u  producfng rauch new 
data. The rucceoo of the o v e r a l l  USAMRIID program during FY 82 is indica ted  by the  
r e l e c t i o n  of the  I n s t i t u t e  as the  1982 Winner of the Army "Laboratory of the  Year 
Award" and the F i r s t  Place Award i n  the  1982 A m y  "In-House Laboratory Independent 
Research" competition. USAMRIID had previously won each of these  awards i n  1978. 

The major realignments and s h i f t s  of program emphasis described i n  FY 81 
( i n  response t o  USAMRDC guidance, S?EC/SPF guidelines and emerging in for^ !tion on BW 
a c t i v i t y  i n  Sout5east Aeia) were f u l l y  implemented i n  PY 82. Much research progress 
emerged from the  new s tud ies  on anthrax and the law anlecular  weight toxins. The 
study of f i e l d  samples col lec ted  i n  Africa,  Asia and South America became an 
e f f e c t i v e  seroepidemiology program. New diagnostic methods f o r  numerow 
microorganisms and toxins were devised using ELISA methodology and the  production of 
new diagnost ic  reagents included anmoclonal antibodies. However, a co~lsol ida ted  and 
un i f i ed  procedure f o r  a l l  f i e l d  laboratory diagnoetic attempts has not ae yet  been 
defined. 

C. Research a r t a s  given added emphasis during W 82: 

The program i n i t i a t e d  t o  study tricothucena, marine, .and other  low 
molecular weight toxins was expanded t o  i t s  f u l l  operational capacity,  and wee 
supported by a new and in tegra ted  research contract program. 

The anthrax program a l s o  achieved troad operat ional  function,  focused on 
exp lo i t ing  the  FY 81  diecovery a t  USAMRIID of toxin-controlling p laes ids ,  and the  
introduction of recombinant DNA technologies f o r  the f i r s t  cloning of the  protec t ive  
antigen gene. 

The bas ic  virology ptogram was expanded. It reached the  funct ional  
capacity t o  do oligonucleotide mapping and fingerprinting of key arenavirusee, 
bunyavirusee and c lose ly  r e l a t ed  species.  

The a n t i v i r a l  drug program increased i t s  capab i l i t i e s  f o r  screening t o  
iden t i fy  promising new compounds and f o r  defining the i r  unique machanisma of 
a n t i v i r a l  a c t i v i t y .  

The d iagnost ic  program continued t o  expand with the  production of new 
monoclonal and polyclonal  ant ibcdies ,  pur i f ied  antigem, a n a l y t i c  technalogieo, and 
the  colnparative t e s t i n g  of readout in~trumente .  

The epidemiology e f f o r t  expanded overal l ,  with added emphasis being placed 
on iderrtifying, a )  the  geographical extent. of antibodies t o  llantaan-like v i ruses  i n  
rodent rpecier ,  b) t he  poesible insec t  and mammalian rerervoi ra  of important African 
v i ru re r ,  and c )  the  o v e r r i n t e r i n g  wchaniems of insrct-borne viruses.  



Additional cmphaeis was a l so  placed t o  deternine why some inact ivated,  
vaccines may not a f ford  protect ion agaI.net erganisme delivered v i a  an aerosol  i n  
con t ras t  t o  the  protect ion provided by attenuated vaccines. 

C. Research Areas completed or  given reduced e f f o r t s  I n  PY 82: 

!JSAMRIID vork on the Legionella and Legionella-like bac te r ia  i e  v i r t u a l l y  
comle te .  Planned work on the molecular character izat ion of Staphylococcal 
en t i ro tox in  C and other  staphylococcal. exoproteins has been completed, as has work 
on the  diphther ia  and pseudownas exotoxins. Some aspects of t he  in-hwee a n t f v i r a l  
drug rcreening program a r e  being t ransferred t o  research controcte. 

L i s t  of s i gn i f i c an t  accoprplishacnte f o r  PP 82: 

1. USAMRIID was selected as  winner of the Laboratory of The Year Award 
i n  competLtion with a l l  other U.S. Army laboratories.  

2. USAKRIID was selected a s  the top Army laboratory i n  the  ILlR 
colapetition f o r  t he  SY 82 Award. 

3. A t o t a l  of 49 research papera was published i n  1982. 

4. A newly retovated area vm opened t o  house the  Animal Reeources 
Division and i t s  n c m l  laboratory animals. 

5. A new teaching Course e n t i t l e d  "Hedicol Defenre Against BW and Highly 
Comatn-cable and Infec t ious  Agents* waa developed. Thir war presen:ed a )  f o r  sen ior  
t r i - se rv ice  phyeiclane special ized i n  infect ious diraaoes &nd preventive aedicias;  
b) f o r  eenior medical personnel involved i n  Rapid Deployment Force planning; c )  and 
f o r  M r  Yorcc res iden ts  i n  Preventive Uedicine. Thir Course has now been i i s t c d  i n  
C i r  40-82-5 as a formal PPSCP Courrer to  be held i n  future  yearr. 

6. The NRC/NAS Poetdoctoral Rerearch Fellowship Program continued t o  
expand a t  USUIRIID, with 10 Fsllowr par t i c ipa t ing  i n  PP 82. 

7. The expanded research program on anthrax included researchers  from 
f i ve  d i f f e r en t  d iv i s ionr .  The edeme fac tor  (EF) rhom i n  FP 81 t o  im an adenylate 
cyclase was fu r t he r  characterized and found t o  resemble mmmallian cyclase qu i t e  
closely. Additional s tud ies  were dona oa the  anthrax plasmid (discovered a t  
USAMRIID i n  PY 81) t o  determine how plasmids from various r t r a i n r  control led 
exotoxin production. The protect ive antigen (PA) coding gene was loca l ized  i n  t h e  
plasmid and, using recombinant DNA technology, war successfully cloned i n t o  an&. 
co l i .- Ncn-PA componentr of the Anthrax bac i l lus  were i den t i f i ed  and t e s t ed  f o r  
ifamnogenicity. New diagnost ic  and cu l t u r a l  measurer were devired and ter tad.  
Phagocytic and bac te r ic ida l  mechanisms were subjected t o  i n i t i a l  s t ud i e s  a t  t he  
ao lecu la r  level .  

8. The expanded trichothecene rereareh program war highly ~ r o d u c t i v e ,  
completing s t ud i e r  on laboratory safety,  decontadnat ion procedures, a va r i e t y  of 
detect ion mthods ,  quant i t a t ive  tox ic i ty  and pathophysiology i n  severa l  animal 
models. In  vivo toxin distribution, oechanisao of action, prophylaxis and therapy 
r tud ies ,  and aeranol  su scep t i b i l i t y  s tud ies  a l so  began. I n i t i a i  r t ud i e s  empharized 
T-2, but r e l a t ed  mycotoxinr a re  n w  being incorporated i n t o  the  program. 
Conriderable da ta  concerning mechanism of T-2 act ion were produced using cul tured 
c d l r. 



9. Studiee i n i t i a t e d  on the  low molecular weight marine toxins included 
laboratory sa fe ty ,  de tec t ion  methode, whole enimal tox ic i ty ,  and therapy. 

10. Progreaa w s s  made i n  toxoiding methodologies and i n  the molecular 
character iza t ion  of botulinum neurotoxins. Type E toxoid was t e s t ed  i n  volunteers. 
Nerve c e l l  cu l tu res  and synaptosomee were used for studying the  molecular aspects  of 
neurotoxin act ion.  

;I .  I n  coUaborat ion  with contractors,  f rac t ionat ion  aethode were ueed t o  
c r e a t e  a supply of human ~ e n t a v a l e n t  botulinum I& fo r  therapeut ic  use, and a pool 
of derpeclated septavalent  equine o r i g i n  F(abI2 antibodies, a l s o  f o r  therapeut ic  
ure. 

12. New neurophysiology laboratory s tudies demonstrated d i f  f erencee among 
the botulinum neurotoxine and discovered some synergism between experimental druge 
uead t o  r e s to re  nerve t r s n e d s e i o n .  

13. The primary amino ac id  sequence of Staphylococcal enterocoxin C1 was 
def inad. 

14. An add i t iona l  78 po ten t i a l  an t iv i r a l  druge were evaluated i n  a n &  
v i t r o  ecreening program agains t  R i f t  Valley fever, WE, Pichinde, sandfly fever ,  -
veeicular  e tomat i t le ,  and yellow fever  viruses. 

1 Didelwins (contpwnde i so la t ed  f roa  u r i n e  tunicate81 weta introduced 
i n t o  the  i n  v i t r o  a n t i v i r a l  drug screening program md shown e f f e c t i v e  agains t  
izertain m i l i t a r i l y  important vinrser .  

16. The reve r s ib le  heamtological toxici ty i n  monkey of an a n t i v i r a l  
d-g, r ibvv i r in ,  war r h o m  t o  involve both dirrfnirhsd red c a l l  production and 
:n:reaeed ted  c e l l  destruction.  

17. Entomology program e tud ies  have attempted t o  e luc ida te  the vector 
p o t e n t i a l  and taxonomy of suspected arthropod vectarr of R i f t  Valley Pevar v i n e .  
Several  Egyptian amaquito specie8 were ehown t o  traasmit the  virue,  but none could 
pass i t  t ransovar ia l ly .  Species of s a n d f l i e r  or  midges were not found t o  be 
candidates f o r  f i e l d  transmission. F ie ld  s tudies  vere i n i t i a t e d  t o  extend these 
s tud ies  of RVP v i ru r  transmission i n  Kenya, and of El5E v i ru r  tranemiesion i n  the  
Pocomoke swamp i n  Virginia.  

18. Pathogenesir of Junin  v i ru r  infection of guinea pigs was studied 
a f t e r  aeroaol  exporure. Inbred guinea p igs  were a180 ueed t o  study the ro le  of 
T-cellr , complement, ant ibodier  , imnunorupprersion rad a n t i v i t r l  drugs on the  
pathogeneai r  of d i reare .  

19. Pichinde vim8 infect ion8 i n  S t r a i n 4 3  guinea p igs  were ueed ae a 
oodel f o r  r tudying hemorrhagic v i r a l  d iseaser ,  with emphasis on coagulation eyetem 
changer, cardiovarcular  decompenration, and other mchanfems of dieaaee progreeeion. 

20, Addit ional  r t u d i e r  wcra done t o  ehrracteriza the  d ieeam process,  
1-ne rurponre, epidemiologic rpread, and v i ru r  culture method8 f o r  Ebola virus. 



21. Larsa v i ru r  r t r a i n s  and antibody reeponees were characterized i n  
great  de t a i l .  The e lo r fo rming  ceu t ra l iz ing  antibody ha8 pro tec t ive  e f f icacy ,  
especial ly  against  geopaphica l ly  s imilar  s t r a i n s ,  and can be concentrated 
r f f ec t i ve ly  t o  increase the t i t e r .  A natural ly  attenuated Mozamtlque virus  provides 
c rors  protect ion i n  animal modela and thua becomes a condidate for  a l i v e  v i rus  
vaccine. 

22. Oligonucleotide aappiny was uaed aa a technique f o r  estimating 
ho~ology  between dengue v i rus  r t r a i n r  and f o r  the preliminary character izat iou of 
J u n i ~  BNA. 

23. n u l t i p l e  purif ied ruupler of M segPent RNA were prepared from RVF 
r l r u r  and rent  t o  a contractor  f o r  gem cloning. A DNA clone ha8 been i so la ted  
wb.lch appears t o  code fo r  a portion of one WF virus coat protein; t h i s  i n i t i a l  
ruccese ouggests t ha t  i t  w i l l  ba possible t o  produce a cloned sub-eegment RVF 
vaccine. 

21. The in te rna ,ha t ion  of c e r t l i n  viruree i n t o  cells waa shown t o  
require  i n i t i a l  b i n d i ~ g  t o  c e l l  receptors. Virus wcu then transported sequent ial ly  
i n t o  nonlyrooorral and lyrorooal  ver icler .  Lysrrsoaral enzyme8 eventually functioned 
i n  v i r a l  uncoating before v i r a l  rep l ica t ion  could begin. 

25. The causative virus  (Elantun) of Korean hemorrhagic fever  war 
p r r i f i ed ,  i t 8  e l ec t roa  aicrorcopic appearance war characterized, and the v i r ions  
were a h m  t o  coatain th ree  reparate  and unique UNA rpaciee and a t  l e a s t  2 
rerolvable  proteins. A plaque array am rtandardized f o r  t h i s  virur .  

26. Itat reram and t i s rue r  from many part8 of the world were dammotrated 
t o  ham aacibody t i t e r r  against  Untaan  virus. 

27. The production and corpariron of variour RVP virue r t r a i n r  und other  
v l r a l  eneigena and ant ibodier  was i n i t i a l e d  f o r  use with diagnost ic  H.IW methods. 
Ter t ieg  time WM reduced from 3 dayo t o  1. 

28. Rt. ure of 6 0 ~ o b c l t  i r r ad i a t i on  w a ~  invest igated f o r  inac t iva t ion  of 
V ~ N ~ Q Ut o  b. ~ 6 t dU 61lti$00. i n  rapid diag1)08t i~ te8t8. 

29. In  coatinuad r tud ie r ,  the cheniluminercent rerponre of human 
nautrophiler writ urad u a r e l a t i ve ly  r s r u i t i v s  bioaroay f o r  ident i fying ce r t a in  
h c t e r i a  by a rapid t e c h n i q u ~  for  laboratory ( ra ther  than f i e l d )  urs. Wuccarial 
chemiluninercant rerponrca proved r e l a t i ve ly  nonreneitive f o r  iden t i fy ing  
trichothecene tox ic i ty .  

30. Additional r tud ie r  were conducted i n  a n  on the iawno:ogical 
rerponse t o  k i l l e d  R"iP vaccine. Serum ramplea and v i r w  r t r a i r u  from d i f f e r en t  
srographic r r ea r  vere t a r t ad  and in te r re la ted .  

3 Seed r tockr  of chikungunya v i rur  were devaloped and te r t?d  t o  obtain 
6 genet ical ly  r t a b l e  new r t r r i n  with growth c h a r a c t e r i r t i o  ru i tab la  f o r  vaccine 
production. 



32. A search was i n i t i a t e d  f o r  new rodent mdc la  t o  improve t h e  
s tandardiza t ion  of Q fever  vaccines. Inbred mouse l i n e s  a r e  receiving f u r t h e r  
study. Studies  were continued on the  Phase I antigen of 5. b u r n e t i i  t o  separa te  the  
p ro tec t ive  components from those which cause adverse vaccine reactions.  The amino 
acid,  sugar, and l i p i d  components vere quantified. 

33.  The e f fec t iveness  of living-attenueted vaccines versus k i l l e d  vaccine 
preparat ions f o r  protec t ing  animals agains t  aerosol challenge was s tudied  f o r  VEE 
and anthrax. 

34. Aerosol risk-assessment s tud ies  f a i l e d  t o  def ine  d i f ferences  i n  t h e  
guinea p ig  model which could expla in  the  pathogeaeois of "pneumonic" versus 
"Pontiac-fever" forms of Legionella in fec t ions  i n  man, 

35. The toxin produced by Legionella and Legionella-like bac te r i a  was 
s tudied  f o r  i ts e f f e c t s  on phagocyte function. 

36. s tud lee  were conducted i n  severa l  d i i f e ren t  an ipa l  model eystems t o  
evaluate  the  i n t e r r e l a t i o n s h i p s  between physical exercise and in fec t ious  i l l n e s s .  
I n  general ,  pnyeical c o n d ~ t i o n i n g  p r i o r  t o  infec t ion  appeared t o  improve host 
res is tance ,  while acute  in fec t ions  consis tent ly  impaired physical  performance 
capab i l i t i ee .  Bac te r i a l  and v i r d .  in fec t ion  caused d i f f e r e n t  respoaees on s k e l e t a l  
and cardiac  muscle functLons wild chemistry. The ef fec t6  of exhaustive exerc ise  on 
t h e  i a fec t ious  proceae a l s o  d i f f e red  depending on the  e t io logy of the  infection.  

37. Endocrine responses and hormone-lcduced change8 during in fec t ion  
focused upon growth ho~nmne, prolac t in ,  adrenal  glucocort icoids and espec ia l ly  the  
ro le  of i n s u l i n  and i ts  cel l -surface  receptors. 

38. A jacket-and-tether system, pens i t t ing  long-term intravcnoue 
infuvions i n  monkeys, was used f u r t h e r  f o r  t e s t ing  various combinations of 
intravenous n u t r i e n t s  with a l t e r e d  ene-gy and amino acid content f o r  t h e i r  e f f icacy 
i n  t r e a t i n g  model infec t ions .  

39. Studies were con~inued  i n  volunteers t o  t e a t  new ant imalar ia l  drugs 
agains t  r e s i s t a n t  speci%s,  and i n  o ther  volunteers t o  gather f u r t h e r  da ta  on 
FDA-approved inves t iga t iona l  vaccines. 

V I .  EXPRk!r,3LL RESEARCH: 

Whila t h i e  repore deals  p r inc ipa l ly  with USMIID'S in-house e f f o r t ,  t o t a l  
program progrers is the  r e s u l t  of the  combinatLon of the  in-house e f f o r t  augmented 
and tlupplemented by e f f o r t *  by contrac tors  from academia and industry. Individual  
contrac tor ' r  research is synoprlzed i n  report8 which a r e  f i l e d  with the  Cefeaera 
Technical Iaformation Center @TIC). A l i r t  of contracts  i q  place-during FY 82 is 
included am Appendix C. Readers des i r ing  s p e c i f i c  contract  repor t  ohould make 
requert  t o  DTIC. 



VII. QUESTIONS: 

Questions or comments about this report are welcomed and lnay be addressed 
to: 

Commander 
USAMRIID 
Port Detrick 
Frederick, Maryland 21701 
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parameters of T-2 c e l l  asnocia t ion were determined o r  t r a n s p o r t  syts tem f o r  T-2. This  
~ u m e s t e d  t h e  ex i s t ence  of a plasma membrane receptor  o r  t r anspor t  system f o r  T-2. 
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BODY OF REPORT 

Project  No. 3Ml61102BS10: Mi l i t a ry  Disease, In jury  and Health Hazards (U) 

Work Unit No. S10 AN 200: Character iza t ion of Microbial  Toxins of 
P o t e n t i a l  BW Importance (U) 

Background: 

Toxic prote lns  play an important r o l e  i n  t h e  pathogenesis of many b a c t e r i a l  
infect ions .  Cholera, d iph the r ia  and botulism a r e  examples of b a c t e r i a l  d isease  i n  
which the  b a c t e r i a l  toxin  i s  s o l e l y  responsible f o r  t h e  c l i n i c a l  symptoms. There 
a r e  other examples such a s  Pseudomonas, 5. c o l i  and anthrax where p ro te in  toxins  a r e  
apparently involved but t h e i r  degree of importance i s  not f i rmly es tabl ished.  
Clearly,  i n  a l l  such diseases ,  successful  treatment and/or prevention of t h e  d i sease  
must deal  somehow with  the  toxin. 

With c e r t a i n  microbial  toxins ,  the re  i s  a l s o  a concern with t h e i r  use a s  BW 
agents. Botulinum tox in  f o r  example, is one of the  most poisonous substances known 
t o  man. Moreover, i t  i s  a r e l a t i v e l y  easy task  t o  prepare l a r g e  q u a n t i t i e s  of the  
toxin  making i ts  p o t e n t i a l  use a r e a l  t h r e a t .  Likewise, the  staphyloccocal  
enterotoxins  a r e  p o t e n t i a l  BW agents and could be obtained without too much e f f o r t  
o r  technology. Recent events i n  Southeast Asia have l e d  t o  a growing concern t h a t  
c e r t a i n  small molecular weight toxins  have or  may be employed a s  BW agents. These 
reve la t ions  have resu l t ed  i n  a considerable s c i e n t i f i c  e f f o r t  by USAMRIID i n  which 
we have played a s n a l l  role.  

The p r i n c i p a l  funct ion of t h i s  work u n i t  is t o  study and charac te r i ze  microbial  
toxins  with an u l t ima te  aim towards the  development of p ro tec t ive  measures. To meet 
t h i s  goal we a r e  employing a two-pronged approach. F i r s t ,  w e  are studying severa l  
of those toxins  proven t o  be p o t e n t i a l  BW agents a s  regards s t r u c t u r e ,  mechanisms of 
ac t ion ,  e tc .  Secondly, based on a l a r g e  amount of evidence t h a t  most p ro te in  toxins  
have severa l  common fea tu res  t o  t h e i r  mechanisms of ac t ion ,  we have employed a wel l  
character ized model. (d iphther ia  toxin)  t o  study c e r t a i n  bas ic  quest ions ,  the  answers 
t o  which we bel ieve  would have major impacts on our e f f o r t s  with t h e  accepted BW 
agents. 
Progress: 

1. Botulinum toxin. Two nerve c e l l  l i n e s ,  PC12 ( r a t  pheochromocytoma) and 
NG108-15 (mouse neuroblastoma X r a t  glioma hybrid) were chosen f o r  the  botulinum 
toxin  (Botx) p ro jec t  based upon t h e i r  a b i l i t y  t o  r e l e a s e  acetycholine (ACh) and form 
synapses analagous t o  those a t  neuromuscular junctions. Cultured c e l l  l i n e s  a r e  the  
only system cur ren t ly  ava i l ab le  t h a t  provide s u f f i c i e n t  homogeneous chol inergic  
mater ia l  f o r  biochemical s t u d i e s  of tox in  mode of ac t ion.  E a r l i e r  s t u d i e s  of ACh 
re lease  i n  response t o  s t imul i  employed U-shaped tubes which a r e  unsui table  f o r  our 
purposes; it was necessary t o  adapt the  ACh re lease  assay t o  24-well c u l t u r e  
p la tes .  Poly-1-lysine enhanced adhesion of the  c e l l s  t o  the  p l a t e s  and allowed 
vigorous washing of the  wells  without s i g n i f i c a n t  c e l l  loss .  Acetylcholine re lease  
was determined by se lec t ive  ex t rac t ion  of t r i t i a t e d  ACh from the  c e l l  supernatant  
and subsequent l i q u i d  s c i n t i l l a t i o n  techniquzs. Serum "factors"  s u b s t a n t i a l l y  
influence ACh re lease ,  complicating t h i s  por t ion of the  study. We now screen s e r a  
p r io r  t o  ordering and supplement s e r a  with control led  concentrat ions (50 ng!ml) of 



-- 

nerve growth f a c t o r  (NGF) f o r  one t o  two weeks before p l a t i n g  t h e  c e l l s .  I n  t h e  
near  f u t u r e ,  serum-free media w i l l  be t e s t e d  and, i f  found s u i t a b l e  f o r  our  s t u d i e e ,  
employed rou t ine ly .  We have found NGF t o  be e s s e n t i a l  t o  t h e  ACh r e l e a s e  a s say ,  
The r e s u l t  of exposure of t he  c e l l s  t o  NGP i n  t he  growth medium is  a reduced 
spontaneous .< l ea se  of ACh, thereby providing a g r e a t e r  r a t i o  of s t imula ted  t o  non- 
s t imula ted  r e l ea se .  This  a l lcws  us t o  determine more p r ec i s e ly  t he  e f f e c t s  of t o x i c  
agents  on t h e  system. Typical  r a t i o s  of s t imulated t o  nor~s t imula t sd  r e l e a s e  a r e  2:l 
( s t imu la t i on  wi th  v e r a t r i d i n e )  and 5:l ( s t imula t ion  wi th  e i t h e r  80 nPi KC1 o r  1 mM 
ca rb~mylcho l ine ) .  S tud i e s  p a r a l l e l i n g  t h e  c e l l  c u l t u r e  work were conducted us ing  
~ynaptosomes i s o l a t e d  from guinea p ig  cortex.  Although t h i s  system is a 
heterogeneous populat ion of c e l l  types,  it is s u i t a b l e  f o r  l im i t ed  app l i ca t i ons  i n  
t h e  s t u d i e s  of Botx. We have adapted our method of ACh de t ec t i on  t o  t h i s  system and 
have obtained r e s u l t s  of ace ty lchol ine  r e l ea se  ( i n  response t o  e l eva t ed  KC1 
concent ra t ions)  i n  exce l l en t  agreement with the  l i t e r a t u r e .  Table I shows d a t a  
derived from a  s i n g l e  experiment ir, which PC12 c e l l s  were incubated i n  t h e  presence 
o r  absence of Botx (1000 mouse LD / m l )  i n  t he  bathing medium f o r  90 min. Although 
the se  r e s u l t s  v e r i f y  e a r l i e r  s tud.  Zoes, problems wi th  t h e  c e l l  c u l t u r e  
(contaminat ion) ,  incuba tors  (C02 and temperature con t ro l  f a i l u r e )  and s e r a  have 
prevented us from de f in ing  exac t ly  the  condi t ions  f o r  these  e f f e c t s .  The r e s u l t s  
below d e m o n s t r ~ t e  a block of s t imula ted  acetycholine r e l e a s e  by Botx. 

TABLE I. ACh RELEASE 

fmol ACh Released -
g p r o t e i n  x 10 min 

X f S.E.  ( 4 )  

Condit ion Control  Botx-treated 

Nonstimulation (5.4 mM K+) 15 f 1.6 18 f 2.2 
St imulat?on (80 mM K+) 34 t 2.2 21 * 2.3 

S imi l a r l y ,  we have demonstrated (Table 11) a 70% block of s t imula ted  ACh r e l eaee  
from synaptosomes incubated wi th  107LD50/ml Botx type A (90 min) i n  c l o s e  agreement 
wi th  the  l i t e r a t u r e .  

TABLE 11. ACh RELEASE 

CPM: X f S.E (3)  

Condit ion Control  Botx-treated 

Nonetimulation (2.7 mM K+) 2520 f 28 2230 f 29 

St imula t ion  (20 mM K+) 3990 f 240 2960 f 61 



Calcium uptake s tud ies  have been undertaken with the  c e l l  l i n e s  and 
rymptoromer. I n  con t ro l  e tudies ,  calcium uptake increases  with time of 
depolar iza t ion ,  pa ra l l a l ing  ACh re leaee  as e3ected .  Ueing the  eame experimental 
protocol  as i n  Table I, but assaying f o r  Ca uptake by PC12 c e l l s ,  we obtained the  
data  rhown i n  Table 111. 

TABLE 111. CALCIUM UPTAKE 

CPM: X T X.E. ( 4 )  

Condition Control- B o t r t r s a t e d  

The above r e s u l t s  suggest calcium metabo l i r~  say be a f fec ted  by Botx. Studies 
employing the nerve c e l l  l i n e e  and rynaptoroace expose the  toxin t o  the ou te r  
( ex t race l lu la r )  leaf  let of the  plasma mmbrme bilayer,  I n  con t ras t ,  inver ted  
rynaptic p l a r m  oembrane vee ic l e r  expose the toxin t a  the  inner  (cytoplasmic) 
l e a f l e t  of the  bilayer. I n  addi t ion ,  t h i r  system allows the  e f f e c t s  of the toxin  on 
m e ~ b r a n e m d i a t e d  calcium metaboliem t o  be determined. The proceeeee of Na-Ca 
exchange, ATP-rt iulated calcium uptake (interpreted a s  i n  v i t r o  calcium extrueion 
from c e l l s )  and calcium releacre (uptake in to  ce l l8  i n  v i a  can be observed. 
Therefore, w e  have i s o l a t e d  inverted membrane ver ic lee  ueing es tabl ished procedures 
and obtained calcium uptake curves i n  good agreement with published reeu l t s .  
Preli.in8ry r e r u l t r  with t h i s  preparat ion ruggert Botx a f f e c t s  membrane-mediated 
u l c i u m  n tabo l i rm.  

We have employed beta-bungarotaxin (B-Butx), a prerynaptical ly-acting t ex in  from 
the  venom of t h e  snake Bungame w l t i c i n c t u s ,  a s  a p o r i t i v e  con t ro l  i n  our 
r tudier .  Thir  toxin,  although m c h  l ees  toxic t o  animals than Botx, i n h i b i t e  ACh 
r s l e a r e  i n  a biphasic manner. Eeta-bungarotoxin caueee an i n i t i a l  increaee i n  
nuurotranamitter  r e l ease  followed by a decrease and, f i n a l l y ,  a t o t a l  block of 
transmitter re leare .  Several  r epor t s  of interaction8 between Botx and B-Butx have 
appeared i n  the  l i t e r a t u r e .  It hae been proposed tha t  B-Butx increases  
i n t r a c e l l u l a r  calcium concentratione although no d i r e c t  evidence f o r  th i a  e f f e c t  has 
appeared i n  the  l i t e r a t u r e .  We have shown that B-Butx causes an i n i t i a l  (within 15 
. in)  r t imula t ion  of epontaneous ACh r e l ea re  from rynaptooomer, i n  agreement with the  
l i t e r a t u r e .  We have a l r o  rhown t h a t  B-Butx increares calcium uptake i n t o  
rynaptoromer ( a  new finding). In  addit ion,  ve found t h a t  B-Butx inh ib i t ed  Na-Ca 
exchange i n  inver ted  rynapt ic  placrma membransr and i n t e r p r e t  these  r e s u l t s  ae 
ruggecting B-Butx block8 calcium ext rur ion fro8 the nerve terminal ,  thereby g r e a t l y  
lacrearin# u l c i u r  concentrat ionr i n  the  cytoplasm. 

Work war a180 begun on the  pur i f i ca t ioa  of type A botulinum neurotoxin i n  order  
t o  e v a l i ~ r t e  por r ib le  asthodr t o  obta in  os te r i a l  of s u f f i c i e n t  homogeneity f o r  
r t n r c t u r r l  r tudiar .  The r t a r t i n g  materials  for  t h i s  r tudy were r eve ra l  batches of 
"c ry r t a l l ine"  toxin  prepared three  year8 ago by Dr. Lo Siege1 of our Division. The 
"crys ta l l ine"  toxin  i r  a c t u a l l y  a mixture of hemagglutinin, neurotoxin, and o the r  
prote inr ,  and may be a8 m c h  88 90%hemagglutinin. I n  con t ra r t  t o  previouely 
publirhed rothodr,  we found t h a t  the  neurotoxin d id  not  bind t o  diethylaminoethyl 
aaion exchange r e r i n r  ( D M - c e l l u l o r e  and DUE-rephacel). Nonetheless, a c e r t a i n  



degree of p u r i f i c a t i o n  was e f f e c t e d ,  although the  product remained contaminaced wi th  
smal l  amounts of two o t h e r  pro te ins .  Consequently, o the r  chromatographic methods 
a r e  being explored t o  remove t he  l a s t  contaminants. These inc lude  carboxy-methyl 
sepharose,  hydrcxyl a p a t i t e ,  and t h r ee  types of NAD-agaroses. Of these ,  t h e  f i r s t  
two appear t o  be t h e  most promising a s  judged by b io log i ca l  assays. E,ectrophoret ic  
s t u d i e s  a r e  c u r r e n t l y  i n  progress.  

Since Dr. B. R. OasGupta of the  Universi ty  of Wisconein has a con t r ac t  from t h e  
U.S. Army f o r  r e sea rch  on t h e  p r o t e i n  chemistry of botulinum neurotoxins,  we f e l t  
t h a t  a co l l abo ra t i ve  e f f o r t  would be i n  t he  best  i n t e r e s t  of both l a b o r a t o r i e s  wi th  
r e spec t  t o  s t r u c t u r a l  s t u d i e s  of types A and E. We the re fo re  arranged t h a t  c e r t a i n  
polypept ides from the  neurotoxins would be prepared by Dr. DasGupta and h i s  
a s s o c i a t e s ,  and s e n t  t o  t h i s  l abora tory  f o r  p a r t i a l  amino a c i d  sequencing; we 
r ecen t ly  received samples of the  heavy and l i g h t  chains of type A. A f t e r  chemical 
n o d i f i c a t i m  and t o x i c i t y  t e s t i n g ,  now undeway, these  pept ides  w i l l  be placed i n  
t h e  automatic  sequencer. The amino terminal  region of one of these  chains and t h e  
carboxy-terminal region of t he  o the r  encompass t he  s i t e  of "nicking" by p ro t ea se s  of 
type  A i n  cu l t u r e .  It is important t o  ob ta in  t he  s t w c t u r e  of t h i s  region s i n c e  i t  
r ep re sen t s  sn  extc.-nal p ro t e in -p ro t e in  i n t e r a c t i o n  s i t e  and, a s  such, i t  is  a good 
~ f i d i d a t e  f o r  s y n t h e t i c  an t igen  production. 

2. T-2.- E f f o r t s  wi th  T-2 followed two r a i n  themes: (a) s t u d i e s  wi th  wild- 
type c e l l s  and (b)  t h e  development and cha t ac t e r i za t i on  of T-2 r e s i e t a n t  c e l l s ,  It 
was ho?ed t h a t  by s tudying  t he  molecular wchanism of a c t i o n  of T-2 wi th  wild-type 
c e l l s  and comparing t h e  r e s u l t s  with s imi l a r  experiments w i n g  r e s i s t a n t  c e l l s ,  t h a t  
we might uncover some s t a g e  o r  s t e p  t h a t  could be exp lo i t ed  i n  a p r o t e c t i v e  sense. 
It i e  e n t i r e l y  pos s ib l e  t h a t  we have a l ready  achieved our  goa l  a s  w i l l  be d iscussed  
below. 

To develop T-2 r e s i s t a n t  c e l l s ,  we employed t h e  Chinese Hamster Ovary (CHO) c e l l  
l i n e .  These c e l l s  were t r e a t e d  with 250 mg/ml of t h e  mutagen e t h y l  methane 
s u l f o n a t e  (EMS) f o r  16 h, followed by a wash t o  remove dead o r  dying c e l l s  and t h e  
drug. Af t e r  a 20 h f u r t h e r  incubat ion t o  allow phenotypic express ion  of t h e  
(presumed) m t a t t o n e ,  c e l l s  were challenged with concent ra t ions  of T-2 ranging from 
0 - 0  1 . Af t e r  24 h, t he  tox in  was washed out and t h e  c e l l a  incubated f o r  t h e  
development of r e s i s t a n t  co lonieso  Although severa l  co lonies  d id  develop when 
t e s t e d ,  none proved t o  be r e s i s t a n t  t o  T-2. 

We repeated t h e  e n t i r e  process  a l t e r i n g  our procedure t o  leave  t h e  T-2 i n  wi th  
t he  c e l l s  f o r  a per iod  of s e v e r a l  weeka. From t h i s  experiment t h e r e  developed one 
T-2 r e r i r t a n t  i s o l a t e  which was cloned by l im i t i ng  d i l u t i on .  Fourteen T-2 r e e i s t a n t  
sub l ine s  des igna ted  CHOT2R1, CHOT2R2, e tc . ,  were obtained and f rozen  20 ampules t o  
a s su re  seed s tocks.  One of t he se  l i n e s  has bezn i n  continuous c u l t u r e  f o r  over 5 
-nth8 wi th  no d e t e c t a b l e  l o s e  of res i s tance .  This  t iam frame, w i th  t h e  s p l i t  r a t i o  
w e  employ, means t h a t  t h e  o r i g i n a l  cloned c e l l  has undergo2e roaewhere between 500-
800 d i v i s i o n s  sugges t ing  a e t a b l e  mutation. Before deacr ib lng  our  r t u d i e s  i n t o  t h e  
na tu re  of t h e  a u t a t i o n ( e )  respons ib le  f o r  T-2 r e s i s t ance ,  i t  is app rop r i a t e  t o  
o u t l i n e  t h e  r e s u l t s  from our concurrent o tud ies  wi th  wild-type CHO c e l l c .  

A t  t h e  o u t s e t ,  we were aware t h a t  t he  l i t e r a t u r e  claimed T-2 i n h i b i t s  p r o t e i n  
ryn thes i r  dur ing  polypept ide cha in  i n i t i a t i o n .  Therefora,  w e  examined t h e  e f f e c t  of 
T-2 on p r o t e i n  r y n t h e s i r  i n  CHO c e l l r .  Af te r  an incuba t ion  of only 1 h, we de t ec t ed  
8 s l i g h t  (10-20%) i n h i b i t i o n  of p ro t e in  synthes i s  of 0.0008-0.1 U g/ml T-2; f u r t h e r  
incuba t ion  d id  not apprec iab ly  a l t e r  t h i r  doee-rsrgonse curve. Using o t h e r  



t r ichothecene toxins  eupplied by Phyeical Sciences Divieion, we determined t h e r r  
prote in  synthes is  inh ib i to ry  potenc€ee (CHO c e l l s )  t o  be i n  the  order r o r i d i n  4 
vsrru-carin A > T-2 = HT-2 > T-2 t r i o 1  = T-2 te t ra01 ' deoxynivalanol, 

When radiolabeled T-2 became availab1.e (courtesy Dr .  Pace), we i n i t i a t e d  a 
ee r i ee  of experiments t o  measure various biophysical parametere of T-2 c e l l  
aeeociation. Our a w a y  was e i ap ly  t o  add labeled toxin  t o  c e l l s  i n  24 well p l a t e s  
and, a f t e r  the  t i m e  desired,  r i n s e  the wnolayer well ,  add O.i  Pf NaOH t o  d issolve  
tha c e l l r  and count an  a l iquo t  of the  bare i n  aquaeol, The k l n w i c e  of T-2 c e l l  
u r o c i a t i o n  a t  both 4 and 37' 2xhibited typica l  bimolecular react ion  pa t t e rns ,  
increar ing t o  and malntaiutng a ( r t c a d p t a t e  plateau, A t  4', equil ibrium wae 
reached i n  approximately 6-8 h (0.01 kg/& T-2) whareae, a t  37' equil ibrium was 
a t t a ined  by 1-1 1/2 he Not only were the k inet ice  of T-2 c e l l  aeeociat ion morc 
rapid a t  higher temperaturee, the  equilibrium s t a t e  (and therefore ,  the  t o t a l  number 
of toxin moleculee bound and/or traasported) was 4-5 f o l a  higher a t  37' than 4'. 

Uhen we included unlabeled T-2 a t  a 100-fold molar excese i n  our k i n e t i c  
experimcntr, toxin-cell  aeeocia t ion  a t  both 4 and 37' was blocked by 95.-98%. Thie 
observation is espec ia l ly  e ign i f i can t  becauee it impliee t h a t  the  plasma membrane 
ac t8  ae a b a r r i e r  t o  i n t r a c a l l u l a r  t ransport  of T-2. I f  T-2 entered t a rge t  c e l l s  by 
rimple d i f fus ion,  the re  ehould be no competition because d i f fus ion  i e  not a 
r a tu rab le  procerr. What is more, when we carpared the  uptake of aT-2 ( the  
na tu ra l ly  occurring and bio logica l ly  ac t ive  form) wieh 8 T-2 ( the  enantiomrr and 
bio logica l ly  inac t ive  form), we found tha t  the a isomer wm taken up by CHO c o l l e  a t  
a r a t e  50 t i m r  t h a t  of the  B .  Thie r e r u l t  ruggertr a r t e r i o e p e c i f i c i t y  of the 
uptake procers,  a f ea tu re  c e r t a i n l y  not exprersed by diffueion.  

By varying the  amount of radiolabeled T-2 added, and keeping the  binding time 
conrtant ,  we obtained binding i so the rm.  Thir data could be procesred by the method 
of Scatchard t o  y i e l d  the  80-called "Scatchard plot" from wh ch we e o t i m t e d  the  
d i r u r o c i a t i o n  conr tant  f o r  1-2 cet1 binding to  be 2.6 x 1 d  W and the number of 
binding u i t e s  per c e l l  a t  3-6 x 10 (both a t  bO). I n  a r l f g h t l y  d i f f e r e n t  approach 
we added a conatant anrount of radiolabeled T-2 and varying l eve le  of unlabeled T-
2. The concentrat ion where radiolabel  binding i e  block d 50% correepocde t o  the 
d i r a r r o c i a t i o n  conetant which, i n  our care, w u  3 X lo-' l4, a value i n  good 
agreement with the  Scatchard derived estimate. 

Returning now t o  r tud iee  with r e r i r t a n t  c e l l r ,  we ueed the  prote in  eynthesie 
ar ray  t o  t e a t  our mtagenized and cloned ce l l8  f o r  res i r tance .  A 2.5-3 f o l d  
r e r i r t a n e e  war obaerved with all.  the l ine r  cloned and f rosen a r  reed rtock. While 
not a la rge  f a c t o r  of r e r i r t ance ,  the  e f fec t  w8r very eaey t o  documsnt and was more 
than adequate t o  allow eeva ta l  in t e rea t ing  l ine r  of study. 

l o r  one thing,  wa noted t h a t  the  dorm-rarpoarr curve f o r  T-2 i n h i b i t i o n  of DNA 
ryn the r i r  w u  r h i f t e d  by exact ly  the  r a w  factor .s t h a t  f o r  prote in  ryntheeir .  
Thir  obrervation s t ruck  ur  a r  odd bacaure the  l i t e r a t u r e  indica ted  T-2 d i r e c t l y  
inh ib i t ed  DNA rynther is .  Obviously, i f  t h i s  were t rue ,  we had obtained r e s i s t a n t  
c e l l r  with 2 m t a t i o n e ,  one i n  the  DNA and one i n  the p ro te in  b iorynthet ic  
u c h i n e q .  Since our approacg should have yielded a productive mutation a t  a r a t e  
not u c h  g r e a t e r  than I i n  10 yqd r ince  the change of a double m t a t i o n  i o  the  
product of the  r i n g l e r  (1 i n  10 ), we w e n  dealing with a very r&rec e l l  indeed. 
An a l t e r n a t i v e  explanation i r  t h a t  d i r ec t  inhibi t ion  of prota in  ryn the r i r  l ed  
i n d i r e c t l y  t o  i n h i b i t i o n  of DNA ryntheris. We t r r t e d  cycloheximide and puroaycin, 
wa l l  e r tabl ishod t o  a c t  on prote in  rynther i r ,  for  t h e i r  e f face r  on RNA m d  DNA 



ryn thes i s .  Q u a l i t a t i v e l y  and q u a n t i t a t i v e l y ,  w e  obtained the same e f f e c t s  wi th  
t he se  drugs a s  v i t h  T-2. Therefore,  we conclude t h a t  contrary t o  l i t e r a t u r e  claims,  
T-2 does not d i r e c t l y  i n h i h i t  DNA synthesis .  I t  fo l laws  t ha t  i f  we can p ro t ec t  from 
T-2 i n h i b i t i o n  of p ro t e in  s y ~ t h e s i s ,  e f f e c t s  on DNA synthes i s  w i l l  be ame1ic:ated. 

A second and extremely important po43t brought out  by the T-2 r e s i s t a n t  CHO 
c e l l s  is t h e i r  p a t t e r n  of c r a s s - r e s i s t ance  t o  o the r  t r ichothecene toxins.  When 
t e s t e d ,  t he  T-2 r e s i s t a n t  nu tan ts  proved r e s i s t a n t  t o  ro r id in  A,  v e r ruca r in  A, H-T2, 
T-2 t r i o l  and deoxyniualanol.; c ross - res i s tance  t o  T-2 t e t r a o l  was not observed. 
I n t e r e s t i n g l y ,  i f  w e  used these  t r ichothecene tox ins  t o  block rad io labe led  T-2 cell  
a seoc i a t i on  w e  found r o r i d i n  A, verrucelrin A and T-2 were very e f f e c t i v e  
competi tors ,  T-2 t r i o l  and aeoxynivalanol were ouch l e s s  potent qnd T-2 t e t r a o l  had 
l i t t l e  o r  no e i f e c t .  This  p a t t e r n ,  i n  conjunct ion wi th  the  crosu-resis tance c i t e d  
above, provides s t rong  evidence f o r  a s p e c i f i c  but common bind s i t e  f o r  a l l  t h e  
above but T-2 t e t r a o l .  We would propose t ha t  development of agents  which i n t e r f e r e  
wi th  t he  Sinding s t e p  discussed above w u l d  be p a r t i c u l a r l y  a t t r a c t i v e  nince 
p ro t ec t i on  from s e v e r a l  of t he  t r lchothecenes should r e su l t .  

3. Anthrax. Amfno ac id  analyses  were done on the  "PA" component of an thrax  
to:*in, produced under con t r ac t  by t he  Michigan Department o#B Public  Health. Samples 
were hydrolyzed with and without p r io r  ox ida t ion  v i t h  performic acid.  Resul t s  
showed ex tens ive  d i f f e r ences  when compared t o  e a r l i e r  analyses of PA prepared he re  
by Dr. S. Leppla, pa r e i cu l a r l y  wath respect  t o  t he  content  of a lan ine ,  l euc ine ,  
l y r i n e ,  g l u t a a i c  ac id ,  and methionine. Cys te ic  ac id  was recovered from performic 
acid-oxidizad aamples, but the  aaounts were too low t o  quan t i t a t e  accurately.  
Rwever ,  tho  ha l f  c y s t i n e  content  can be eetimated a t  about two t o  t h r e e  r e s idues  
per  nole. Uhen t he  hydrolyeate  was rerun on a second amino ac id  ana lyzer  under 
d i f f e r e q t  chromatographic condit ione,  an unknown peak emerged j u s t  before v a l i n e  
wi th  an e l u t i o n  volume t h a t  is i d e n t i c a l  t o  t h a t  f o r  gl?lcosamlne. These 
oboervat ione ruggest  t h a t  t h e  PA preparat ion may not Eg completely pure. 

P i n d l y ,  two pr tpara t iowa of PA were placed i n  the automatic sequencer. The 
f i r r t ,  from the  Michigan D e p a ~ t w n t  of Health, did not f i e l d  i n t e r p r e t a b l e  da t a ,  but  
supported t he  p o e s i b i l f t y  t h a t  t h i s  ma te r i a l  is not completely pure. The second 
prepara t ion ,  from D r .  Leppla, was e i t h e r  non-uniforrn i n  t he  amino te rmina l  region o r  
was contaninated wi th  small amounts of pther  pro te ins .  Multiple phenyl- 
thiohydantoin d e r i v a t i v e s  were obtained a t  each s t e p ,  but a very sho r t  t e n t a t i v e  
requence could be deduced. Further  s t r u c t u r a l  cha rac t e r i za t i ons  of PA await  and 
depend on t h e  f u t u r e  a v a i l a b i l i t y  of a s u f f i c i e n t  quan t i t y  of howgeneoue mater ia l .  

4. Staphylococcal  Enterotoxins.  It was found t h a t  l imi tad  p ro t eo ly s i e  of 
r taphylococcal  en t e ro tox in  C (SEC) by t ryps in  produced f i v e  pept ides ,  not t h r e e  a s  
previously reported,  i .c. ,  two small peprider  were overlooked i n  t h e  o r i g i n a l  
i r o l a t i o n  procedure. 

The p u r i f i c a t i o n  aed sequencing of t he  two e x t r a  pept ider  wrs described i n  t h e  
preceding annual repor t .  The f i s a t ,  A dipept ide ,  war placed i n  the  o v e r a l l  
r t r u c t u r e  of SEC by v i r t u r e  of howlogy with t he  correepondfng a r ea  of 
r taphylococce l  en t e ro tox in  B (SE9). The second, a pentapeptide, showed l i t t l e  
homology with any a r ea  of SEB, but evidence suggested t h a t  i t  should ba placed 
w i th in  the  d i r u l f i d e  loop of SEC. 

I r o l a t i o n  of an over lap  pept ide vas necessary, and t h l r  war accomplished by 
cleavage of i n t a c t  SEC a t  t h e  h s l f  cy r t i ne  res idues ,  The reagent 2 a i t r o - S -  



thiocyano ksnzoid ac id  (NTCB) war syntherized and reacted with SEC according t o  
publirhed procedures. The r e s u l t i n g  peptide mixture war pur i f i ed  by chromatography 
on Sephadex G-50. While the  dealred peptide could be obzained i n  t h i s  way, i t  wae 
found t h a t  the lys ina  reriduee had been carbamylated by the  reagent. Thie 
observatiou has not been previourly reported i n  the l i t e r a t u r e .  

To produce the  pepride i n  an unnadified form, an a l t e r n a t i v e  procedure war 
devired usdng rodium cyanide and 55 ' - i i rh io -b f r -2a i t ro  bentoic ac id  (DTNB). The 
productr were pur i f i ed  on Sephadex 0-50 and by Mgh prereuxe l iqu id  
chroutography. Ami;ro ac id  u ra ly r i a  and requencing rhowed thrt the  t e n t a t i v e  
locat ion  of the  penta-peptide u u  correct .  

The l a r t  urea of SEC inver t iga ted  waa the cyrnogen bromide cleavage r i t e  near 
the carboxy-terminal end of the  ooltcule.  Z t  vaa recognized t h a t  production of an 
overlap peptide wu,  neceeeary t o  check f o r  the presence of a double mthfon ine  
requence a t  t h i r  rite. This wscl accomplished by reacting i n t a c t  SEC with 
hydrozylamlne, and the  products were pur i f ied  on Sephadex G-50. The l a rge  peptide 
containing the  a r e a  i n  quer t ion  was then sub- f r rmnted  wi th  c t y w t r y p s i n ,  and the  
d x t u r e  w u  purlfLed by hlgh prersure  l iqu id  ch ro~ tography .  The d iges t  war more 
complex than expected, but the  following peptider were found: (a)  met t y r ,  (b) met 
met ty r ,  and (c)  l eu  mt lut tyr.  Them data c o n f i m d  the  double mth ion ine  
requence i n  t h i r  area of SEC. 

niddlebrook, J. LO I r o l a t i o n  and prelinirurry character iza t ion  of T2-resistant 
l u p u l i a n  c e l i r .  Prerented In te rna t j ana l  Congrrrr of Biochemirtry, Perth,  
Aur t ra l i a ,  1 5 2 2  Augurt 1982. 

1. Middlebrook. J. L. and D. L. Leathararn. 1982. D?.fferential r e n s i t i v i t y  of 
r e t i cu locy te r  t o  nicked and unnicked diphtheria toxin. Expcrinsntal Cel l  Ree. 
138: l7+182. 

2. Dorland, R B. 1982. The protec t ive  mchanism of ac t ion  of aminas i n  
d iphther ia  toxin  t r e a t e d  Veto c e l l r .  Can. J. Uicrobiol. 28:611-617. 
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Project  No. 3Ml6llO2BSlO: Mi l i t a ry  Disease, In jury  and Health Hazsrda (U) 

Work Unit No. S10 A0 199: Bac te r i a l  and Ricke t t s i a1  Diseases of P o t e n t i a l  
BW Importance 

Background: 

This work u n i t  cons i s t s  of f i v e  research u n i t s  which w i l . 1  be c i t e d  
individual ly .  They w i l l  be grouped a s  t o  a reas  of i n t e r e s t  r a t h e r  than numerically. 

D r .  Uachter is terminating h i s  research work unit .  The ob jec t ives  of t h i s  
research u n i t  were ( a )  t o  determine the  p o t e n t i a l  of the  so lub le  phase I ant igen of 
Coxiella b u r n e t i i  f o r  use a s  a vaccine, and (b) t o  obta in  charac te r i za t ion  da ta  on 
t h e  ex t rac ted  ant igen t o  determine i t s  poss ib le  use a s  a "subunit" vaccine. 

The ant igen,  which had been t e s t e d  a s  a vaccine i n  human volunteers i n  
Czechoslovakia and Romania (1,  2 ) ,  had been shown t o  be much l e s s  reactogenis  than 
e i t h e r  c e l l - w a l l  or  whole organism prepara t ions  of 2. b u r n e t i i  (3, 4).  h a c k e r  e t  
a l .  (3) reported t h a t  an average dose of 5 micrograms of the  ant igen a s  t h e  
t r ichoroa  a t i c  ac id  (TCA) e x t r a c t  protected 50%of guinea pigs aga ins t  a challenge 
of 1 x 108 I D  of t h e  Ca l i fo rn ia  s t r a i n .  I n  e a r l i e r  s t u d i e s ,  TCA e x t r a c t  
prepara t ions  zf the  ant igen contained polysaccharide,  prote in ,  and l i p i d  (4,  5, 6 ) .  
i.e. an uncharacterized mixture r a t h e r  than e pur i f i ed  s i n g l e  antigen.  

D r .  George 8. Scot t  is evaluat ing animal models f o r  Coxie l la  burne t t i .  

Coxie l la  b u r n e t t i  i s  among the  most i n f e c t i v e  of t h e  pathogenic r i c k e t t s i a e .  
Its host  range encompasses many wild and domestic mammals and b i r d s  a s  wel l  a s  some 
arthropods. However, over t  d i sease  and death r a r e l y  occur i n  experimentally 
in fec ted  laboratory  animals unless massive doses of the  r i c k e t t s i a  a r e  in jec ted .  
Diagnosis and monitoring of t h e  i n f e c t i o n  i n  guinea pigs  must r e l y  on s e r o l o g i c  
conversion, h i s t o l o g i c  a l t e r a t i o n s ,  biochemical changes (7,  81, and i s o l a t i o n  of the  
r i c k e t t s i a e .  Unfortunately v a r i a t i o n s  aeeociated with these  observations l i m i t  
t h e i r  value f o r  p rec i se  evaluat ions  of prophylact ic  and the rapeu t i c  measures. 

Several  i n v e s t i g a t o r s  have demonstrated the  inf luence of genet ic  background on 
the  experimental hos t ' s  r e s i s t ance  t o  in fec t ious  d isease  (9,  10). Under t h i s  work 
u n i t ,  an a r ray  of gene t i ca l ly  defined inbred mice, hybrid mice, and other  s e l e c t e d  
species  a r e  being examined i n  search of an immunocotnpetent a n i m l  i n  which Q f ever  
i s  manifested through quan t i f i ab le  over t  i l l n e s s  o r  death. Thia work was motivated 
pr imar i ly  by the  need f o r  an an ina l  model agains t  which t o  gauge the  p ro tec t ive  
e f f i cacy  of Q fever  vaccines. Therefore, animals with known i m m o l o g i c  
de f i c ienc ies  have not been included. 



Mr. Janssen and LTC Loury have terminated the  research work uni t  which dea l t  
with the diagnosis and pathogenesis of Legionnaires' Disease. Research was intended 
t o  improve methods f o r  the detection and i so la t ion  of Legionella species i n  c l i n i c a l  
and environmental specimens; t o  ident i fy  and contro l  po ten t i a l  eources of 
Legionnaires' Disease and Pontiac Fever; t o  define the pathogenesis of 
legionel los is ;  and t o  develop and improve study techniques. 

A second research work uni t  under LTC Larry's d i rec t ion  deals  with i n f e c t i v i t y  
of aerosolized Legionella organisms. The thrus t  of t h i s  research un i t  i e  t o  develop 

su rg ica l ly  a l t e r e d  guinea pig model and compare var ia t ions  i n  respi ra tory  t r ac t -  
vaecular system deliverance of infec t ious  organism and explore possible modes of 
in tervent ion i n  the disease progression; both fo r  s t r a i n s  yielding pulmonic 
l eg ione l los i s  and those considered t o  cause the non-pulmonic (Pontiac Fever) 
disease. 

F inal ly ,  Dr .  Knudson, Captains Kikesell  and Dreier directed the detection and 
character iza t ion  of plasmids and pathogens of mi l i ta ry  importance. Multiple drug 
r e s i r t a n t  plasmids complicate the treatment of infec t ious  diseases by rendering 
t h e i r  b a c t e r i a l  hos ts  r e s i s t a n t  t o  spec i f i c  antimicrobial agents, This drug 
res is tance  can be conjugally t ransfer red  i n  vivo t o  other bacter ia  even across 
epecies l i t e s .  Virulence plasmids specify propert ies tha t  d i r ec t ly  contr ibute  t o  
the  pathogenicity of the  bacter ia ,  such as  plasmid-encoded toxins and adherence 
proteine. Extrachromosomal genetic determi nants code f o r  some botulinus toxins ,  
d iphther ia  toxin, etreptococcus erythrogenic toxin, and the enteropathogenic 
Eecherichia &en te ro tox lm and pilus-l ike colonization antigens. It is feared 
t h a t  ce r t a in  molecular genetic manipulations using plasmids as  vectors could allow 
the design and conetruction of new species of pathogens against  which our present 
methods of i d e n t i f i c a t i o n  and treatment w i l l  be ineffective.  

This research work u n i t  is designed t o  e s t ab l i sh  a technological base f o r  the  
genet ic  analys is  of pathogens and t o  help evaluate the BW th rea t  from pathogens 
which contain e i t h e r  na tura l ly  occurring plasmlds or  recombinant DNA molecules. 
Methods have been devel.oped fo r  the rapid detection,  i so la t ion  and character iza t ion  
of extrachromosomal DNA. These methods vere  successfully applied t o  the genet ic  
analys is  of severa l  pathogens of mi i i ta ry  importance. This research l ed  t o  the  
discovery of plasmids i n  Legionella pneumophila (11) and re la ted  species of 
Legionella (121, and i n  Bacil lus anthracis  where the  plasmid was shown t o  be 
aeeociated with toxin  production ns,. 
Progress: 

By comparison with dextrans of known molecular weights i n  nel  f i l t r a t i o n  on 
~ e ~ h a r b s e - 2 ~the molecular weight of the soluble phase i ~ o x i e l i a  burne t t i  antigen 
was estimated t o  be 600,000 daltons. 



Gravimetrically it was determined that 1 d of TCA extraCt (195 g dry weight) 

would yield 8 g of column-purified phase I antigen, lee., CF component. Based on 

the expected yield of purified phase I & burnetti per yolk sac (14) the yield of 
purified phaee I antigen would be 1.4 pg per yolk sac. 


In skin tests using sensitized guinea pige, the purified antigen induced mild 

induration and erythema of short duration in some animals. These effects were 5 to 

10 timee less severs than those produced by TCA extract preparations in the same 
guinea pigr. Therefore, the purified antigen is 500 to 1,000 times lese reactogenic 
than the intact organism. 


In current tests using a micro-rlida double diffusion technique a single 

precipitin line has been observed between the purified antigen and guinea pig 

hypertine serum. Also, during this report period a collaborative program was 

initiated with Dr. Robert Seid, WRAIR, to determine the chemical composition of the 

column-purified phase I antigen of 5 burnetii. The CF' fractions from a number of 

fractionations using Sepharose-2B were pooled, dialyzed extensively against 

distilled water, concentrated by pervaporation and lyophilized. 


Samples for amino acid and amino sugar analysis were suspended in concentrated 

hydrochloric acid, hydrolyzed in vacuo for 24 h at 1 0 5 ~ ~ ~  
evaporated to dryness, 

then reconstituted in pH 2.2. Identification and quantitation by comparison with 

known standards vae accomplished with a single dcrobore amino acid analyzer (15, 
16). The amino acid compoeition of the antigen (Table I), was characterized by a 

high content of lyeine (21.7X), serine (19.9%) and glutamic acid (17.7X), and an 

absence of proline and relatively low level. The low concentration of the aromatic 

amino acids, tyrosine and phenylalanine, might account for the low W-absorbance of 

the purified antigen and its lack of reeponre in the Lowry protein determination. 
By contrast, when the cell envelope of phaae 1C.burnetii were examined by Jerrells 
st al. (17), relatively high concentration8 of tyrosine and phenylalanine, proline, 

and arginine were detected and. the most abundant amino acids are alauine, glutamic 

acid, aspartic acid, and glycine. 


For the determination of neutral monosaccharides, antigen samples were 

rrurpended 19 a mixture of methanesulfonic acid and Dowex 50-X8 resin for 

identification and quantitation by liquid chromatography (18, 19). The neutral 

monoraccharides of the antigen were collprised of approximately 80% glucose and 

heptose (Table 11). The value for glucoea very probably includee a contribution by 

mannore. Mannose has been identified aa a major constituent of purified LPS fromc. 

burnetii, phase I which was obtained L, phenol extraction of rickettsia (20). 

Previous studies by using paper .chroaatographic procedures , Jerrells et a1 (17), 
identified glucose, galactoee and glucuronic acid in the cell envelope of phase 15. 

burnetii. 
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TABLE I. AMINO ACID AND AMINO SUGAR COMPOSITION OF PHASE I ANTIGEN OF 
-C. BURNETII 

AMINO ACID MOL/MG PERCENT 

Aepartic ac id  
Threonine 
Serine 
Glutamic ac id  
Prol ine  
Glycine 
Alanine 
Valine 
Hethionine 
Ieoleucirie 
Leucine 
Tyrosine 
Phcnylalanine 
Glucossmine 
Lysine 
H i s  t i d ine  
Arginine 
lJnknama 

a~nknown compound noted but not quantified. 

TABLE XI. NEUTRAL MONOSACCWIDE COMPOSITION OF THE PHASE I ANTIGEN OF 

-C. BURNETII 

MONOSACCHARIDE HOL/MC PERCENT 
-

Rhamnoee 0.055 3.61 
Fucose 0.109 7.13 
Ribose 0.152 9.07 
~ l u c o s e ~  0.789 56.60 

-
Heptose 

b 
0.306 23.60 

Dideoxyhexose 

%annose a l s o  e l u t e s  i n  t h i s  position. 
b ~ e a k s  e lu t ing  i n  dideoxyhexose position noted but not quantif ied.  

Samples f o r  f a t t y  acid analysis  were hydrolyzed with 4 N hydrochloric ac id  a t  
1 0 0 ~ ~f o r  4 h under ni trogen,  di luted with water, and ext rac ted  three  timee with 
benzene/diethyl e the r  (1:3). The organic layer was washed twice with water before 
drying over sodium su l fa t e .  The f a t t y  acids were converted t o  methyl e e t e r e  with 
diazouethane (21) before in jec t ion  in to  a Hewlett-Packard gas chromatograph. 
Separation wee ef fec ted  on a glass column containing 3%SP-2100 DOH on 100l200 
Supelcoport (Supelco, Inc., Bellefonte, ?A), with a temperature program of 140' t o  
225' a t  a r a t e  of 4' per  min. Resultant peaks were iden t i f i ed  with known standards. 



The f a t t y  ac id  coaposit ion of the antigen i r  s h m  i n  Table 111. Two s t r a i g h t -  
chain f a t t y  ac ids  were the most abundant: pa ln i t i c  (32.1%) and s t e a r i c  (22.3%). I n  
con t ra r t ,  Chan e t  a:. (20) reported tha t  the major f a t t y  ac ids  of the  t o t a l  
ex t rac tab le  l i p i d s  of whole organism phase I C. burne t i i  were the  branch-chain 
r a r c i n i c  (33-12) and 14-methylhexadecanoic (3?.iX).the phase I ant igen these 
reprerented only 5.8% and 11.4%, respectively. Composition of the  antigen consieted 
of 25.1X carbohydrate, 39.0% prote in  and 8.62 f a t t y  acids. Contributions by 
dideoxyhexore (Table 11) and an unknown amino acid (Table I) would r a i s e  
carbohydrate and prote in  values s l igh t ly ;  however, t o t a l i t y  of the  components i n  
t a b l e  I V  f a i l e d  t o  account f o r  100% of the  antigen. This f inding was analogous t o  
previous obrervationr of lipopolysaccharide cootent reported by Chan st al. (20) of 
5 0 4 0 %  and Schramtk and Brez im (22) of 60.2%. 

Dr. G. H. Scot t  has screened 46 s t r a i n s  of inbred mice i n  search of 
inarnocompetent animals i n  which 5 burnet ii infect ion  is manif e s t ed  through 
quan t i f i ab le  overt  i l l n e s s  o r  d e a t h . T ~ e e k  old f e u l e 6 y c e  from each s t r a i n  
were inoculated by the  in t r ape r i tonea l  (i.p.) route with 10 GPIPIDSO of the  Nine- 
Ui l e  r t r a i n  o f z .  bu rne t i i ,  phaea I. The mice were observed f o r  overt  s igns  of 
i l l n e s s  and death f o r  a period of 28 days. Survieing mice were bled, t h e i r  s e r a  
pooled and assayed f o r  anti%* burne t i i  antibodier using IFA procedures. 

Only 14 of the  46 r t r a i r u  th,tt  were terced exhibited over t  s igns  of i l l n e s s  
evidenced by rough h a i r  coats  and lethargy. These a r e  l i a t e d  i n  Table V together 
with data  on the dura t ion  of i l l n e s r ,  the mortal i ty r a t e  by r t r a i n s ,  and t h e  
antibody t i t e r 8  i n  rurviving Pice. 

TABLE 111. FATTY ACID COMPOSITlON OP PHASE I ANTIGEN OF 2. BURNETTI 

PERCENT 

iro-Cl3 ( r a r c i n i c )  

C16 ( p a l d t i c )  

iro-C17 (methyl hexadecnoic) 

Cl8: 1 ( o l e i c )  

CIS ( r t e a r i c )  

C20 (arachidonic)  



- - -  - 
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TABLE IV. COMPOSITION OF PHASE I ANTIGEN OF -C. BURNETII 

CONSTITUENT PERCENT 

Carbohydrate 

P r o t e i n  

F a t t y  a c i d s  
K,,O',b 

Phoephorusb 

a2-keto-3-deoxyoctonate. 

%o be determined. 

TABLE V. RESPONSES OF SELECTED INBRED HICE TO I.P. INOCULATION WZTH 106.5 
GPIPIDN OF THE 9-MILE STRAIN OF -C. BURNETII, PHASE I 

OVERT ILLNESS 
AVERAGE RANGE, DEAD/ I F A ~  

STRAIN PERCENT DURATION, DAYS DAYS TOTAL TITER 

A/ J 9 5  4.0 4-16 9.20 1280 
A/Hd 100 3.5 6-12 0/10 640 
AIWySnJ 90 6.5 4-12 3/10 1280 
Au/SsJ 40 7.8 5-15 3/10 640 
BAl b/CDub 100 4.2 4-12 0/10 1280 
BAlb/CJ 100 7 -0 3-12 0/10 2580 
BAlb/cNcrdBr 100 - 6-28 0/10 2580 
BAlb/cByJ 90 10.4 4-18 0/10 1280 
C3tIIHeJ fio 3.1 6-9 0/1C 640 

d
NZBIB~ 40 2e6 7-9 2/10 640 
LG/J 20 3 e O  6-8 0/10 2560 
129/SvJ 90 5.9 4-15 0/10 2 560 
129/J 90 8.3 4-22 O/ 10 1280 
BDP/J 70 3.6 7-9 0/10 ND 

a ~ o o l  of s e r a  from eurv ivors .  

E e e e n t i a l l y  a l l  mice i n  subs t r a ine  of t he  A,  a a lb / c ,  and 129 l i n e e  became 
o v e r t l y  ill wi th in  3 t o  6 days a f t e r  inocula t ion ,  and t h e  i l l n e s e  p e r s i e t e d  
from 6 t o  22 days. However, i n  s p i t e  of t h e  high doee of r i c k e t t e i a  
adminis tered,  m o r t a l i t i e e  occur red  i n  only 4 r t r a i n s ;  t h e  g r e a t e s t  number of 
dea ths  ( 4 5 % )  occurred i n  a t r a i n  A / J .  

L i s t e d  i n  Table V I  a r e  32 e t r a i n e  t h a t  we have deeignated a s  non-
responders.  Although t h e  r i c k e t t e i a  apparen t ly  r e p l i c a t e d  i n  theee  s t r a i n s ,  
a s  evidenced by e l e v a t e d  ant ibody t i t e r e ,  t he  mice remained hea l thy  and 
vigoroue throughout t h e  4-week poet  i nocu l a t i on  period. 



- -- - 

TA3LE V I .  NON-RESPONDERS; INBRED STRAINS OF HXCg THAT EXHIBITED NO OVERT 
SIGNS OF ILLNESS FOLLOWING I.P. INJJl~IGiiS OF 5. BURNETII 

ma I F A ~  I F A ~  
STRAIN TITER STRAIN TITER STRAIN TITER 

a ~ o o l  of s e r a  f ron survivors. 

No coneis tent  d i f ferences  between antibody t i t e r s  i n  the  non-responders and i n  
e t r a i n e  t h a t  became over t ly  ill and/or died vare observed. 

Studies  were i n i r i a t e d  t o  f u r t h e r  characterize the  s u s c e p t i b i l i t y  of severa l  of 
the more s e n s i t i v e  s t r a i n s  t h a t  were ident i f ied  by these  screening t e s t s ,  and t o  
examine the  influence of souse age and sex  on their suscep t ib i l i ty .  Estimates of 
the  median i n f e c t i v e  doees (ID ) estimated serologically,  the  median e f f e c t i v e  dose 
(EDs0) baeed on over t  i l l n e ~ s , ~ % ~ d  the  r d i a n  l e tha l  dose (LD ) f o r  th ree  groups of 
A/J nice,  m d  s t r a i n s  A/WySnJ, Balb/ J,and 129/J a r e  presente  59 i n  Table V I I .  

TABLE V I I .  MEDIAN I.P. DOSE OF -C. BURNETII POB SELECTED STRAINS OF INBRED 
MICE 


MOUSE AGE 

STRAIN AND SEX 

7 wk, F 
7 wk, M 
4 wtr, M 
7 wk, F 
7 wk, P 
7 wlr, F 



Although preliminary, these data suggest tha t  males may be more r e s i s t a n t  than 
females t o  l e t h a l  C. burne t i i  infection,  and tha t  age, a t  l e a s t  i n  the l imi ted  range 
tes ted ,  had l i t t l e  e f fec t .  

The screening s tud ies  were extended to  include outbred hamsters (LaK:LVG(SYR), 
5 s t r a i n s  of inbred hamatera (MRA/Sa, LSH/Sx, CB/Ss, PD4/L:Yt, and LHC/LaK) a l l  from 
Jackson Laboratory, as were outbred ~TUM:HON) and inbred (HON/TUM) mondolian ge rb i l s  
provided by Tumblebrook Farm,  Inc. Animals of both ep c es were 7 t o  8 weeks of 
age, and a s  with the  mice, were inoculated 1.p. with 10p*' GRIPIDm of -C. burne t i i  
i n  phare I. 

The in fec t ion  was apparent i n  hametere; a l l  remained healthy and vigorous 
throughout the 4 week post-inoculation period. By contras t ,  1 of 5 inbred and a l l  
(4 of 4) outbred ge rb i l s  died within 7 t o  11 days a f t e r  inoculation. A more 
extensive t e s t  current ly  i n  progress w i l l  provide preliminary histopathological  data 
from infec ted  gerbi le ,  and det :mine tho LDS0 dose of z. burnet i i  f o r  these 
po ten t i a l ly  ueeful  rodents. 

L i t t l e  is known about genetic control of resistance of aaice t o  l e t h a l  
-C. bu rne t i i  infections.  Screening s tudies  suggest tha t  mice do not d i f f e r  
dramatically i n  suscep t ib i l i ty ,  Host a re  r e s i s t an t ,  suggesting tha t  res is tance  m y  
be contro l led  by one o r  more dominant genes. However, i n  search of a suscept ib le  
mouse, we nave cross bred severa l  of the more sens i t ive  inbred s t r a i n s  tha t  were 
i d e n t i f i e d  during the  screening study. F i r s t  generation progeny from each of these  
crorser  a r e  current ly  being tes ted  f o r  suscept ib i l i ty .  Subsequent t e s t a  w i l l  be 
conducted a f t e r  these recombinant inbred r9traim have reached the  F4 generat ion of 
inbreeding. 

The A / J  s t r a i n  n ice  appear t o  be the  most sens i t ive  t o  Q fever of a l l  inbred 
l i c e  t e r t e d  t o  date. The a b i l i t y  of t h i s  r t r a i n  t o  mount a protecting immune 
reaponse is current ly  being examined. nice were given 2 e.c. i n j ec t ions ,  7 days 
apart , '  of inact iva ted  phase 12. burneti i .  Tha hulaoral antibody response, based on 
t o t h  IFA and ELISA assays, of the vaccinated mice w i l l  be followed fo r  a period of 
12 weeks a f t e r  vaccination After 8 weeks, groups of vaccinated and contro l  mice 
w i l l  be challenged with 1 0 ' * ~  GPIPIDM of v i ru lent  5 burnet i i  and observed f o r  
i l l n e s s  and death. 

While these animal experiments a re  progressing, e f f o r t s  a re  underway t o  adapt 
r e m i t i v e  enzyme-linked immunosorbent (ELISA) procedures f o r  t i t r a t i n g  antibodies 
against  5. burne t i i  and f o r  detecting 5. burnet i i  antigens i n  infected animal 
t i ssue .  Methods o r ig ina l ly  described by Engvall and Perhann (23) and adapted by 
Yolken (24) were used with minor modifications. Three antigen preparations, a11 
derived from the  3rd and 4th passage of the r i c k e t t s i a  pur i f ied  from infec ted  yolk 
r ac r  of embryonaged chicken eggs, have been ruccassfully used f o r  t i t r a t i n g  anti* 
burne t i i  antibodier  3 these procedures; 1) Q fever vaccine, phase I, Code No. POBR 
105 co%,ta in ing 3 x 10 c e l l s  per m l ;  2) Soluble t r icholoracet ic  ac id  ex t rac t  of the  
phare I antigen component, and 3) the phase I1 rasidual  c e l l s  remaining a f t e r  TCA 
extrac t ion  of phase I components. Par t icula te  antigens were s e t t l e d  by 
cent r i fugat ion  and bound Ln the  wellr  of polystyrene Micro BLISA p la te s  tha t  had 
been pre-treated with amonium s u l f a t e  fract ionated goat anti-2. bu rne t i i  
mt ibod ie r .  Trapping antibody Was not needed t o  bind soluble antigen i n  wel l r  of 
polyvinyl chlor ide  p la ter .  Heat inactivated rerum ralnplee were added t o  wel ls  
containing bound antigen and incubated f o r  2 h a t  37"~.  After  washing t h e  
well., specie8 r p a c i f i c  anti-LgG conjugated with a lkal ine  phorphatase waa added, 



followed by another incubation i n t e r v a l  and washing ntep. A l l  i n t e raed ia te  waeh 
s tep8 of wel ls  were done 5 times with 300 1 of phosphate buffered ea l ine  conta in ing 
0.05% Tween-20. Alkaline phosphatase a c t i v i t y  wae measured by adding p-nitrophenyl 
phosphate and reading the  abeorbance a t  405 m a f t e r  60 min incubation a t  37'~. 

With t e s t  eamplee of ee ra  from infec ted  mice and guinea pigs,  the  t i c r a t i o n  
curve8 of a n t i s e r a  were l i n e a r  over a wide range of rerum d i l u t i o n s ,  and end point  
t i t e r r  were 5- t o  2 5 f o l d  higher than those obtained by IFA. Preliminary e f f o r t s  
b v e  indica ted  t h a t  s i m i l a r  pro edurer,  i n  which infected t i s r u e  i e  subs t i tu t ed  f o r  
r p e c i f i c  antigen,  a n  de tec t  10 r i c k e t t s i a  per g r u  of infec ted  m u s e  spleen. The 
a r e a t a r t  d i f f i c u l t i e s  thus f a r  encountered with there procedurer a r e  r e l a t ed  t o  
nonspecif ic react ions  caueing high background absorbance not  due t o  the  presence of 
r p e c i f i c  antibody o r  antigen. In te rac t ions  among ant ieera ,  betri.3n an t i ee ra  o r  
enzyme-conjugated ant ibodies  and thc. eo l id  phase, or  the presence of mater ia l  i n  
specilaene which reac t  nonepeci f ica l ly  with aniaal immnoglobulins may be the  source 
of these d i f  f i c u l t i e e .  Preparat ion of more highly purif ied antigens ( i n  progress), 
and a n t i s e r a  of the  highest  poeeible a f f i n i t y ,  optimization of reagent 
concentrat ione and react ion  timee may reduce these nonspecific zeactione and 
inc rea re  s e n s i t i v i t y .  

A 8  reported i n  the  USAMRIID Annual Report 1981, an antieeruorcontaining agar 
medium was d e v e l o ~ e d  whlch ~ e r r d t t e d  aiwltaneoun detection and i s o l a t i o n  of a l l  
Legionella rpeciee  and sar&ypes of k. gneumophila k n m  t o  u r  a t  t he  tiw of the  
report.  A recent ly  reported nsw rpecies ,  k. lon beachaa has been obtained and 
included i n  the  polyvalent vaccine used t o  pr  x+-ce antiserum i n  a goat and a r abb i t ,. -
i n  order t o  have a n .  adequate supply of up-tc-date polyvalent antieerum agar t o  apply 
t o  t l i n i c a l  and epidemiological problems an they ariee. Two p r a c t i c a l  probleme with 

' the antirerum agar method have been detected. F i r r t ,  pooled polyvalent r a b b i t  
antirerum s to red  at  -10'~ f o r  th ree  monthr did not produce p r e c i p i t i n  r ings  around 
colonfer of Legionella organism growing on antiserum agar,  and when t i t r a t e d  by the  
double t i i ffurion agar g e l  p r e c i p i t i n  method (Ouchterlony) had no detec table  t i t e r  
aga in r t  any Leqionella rpecier  or  4. pneumop'nila rerotypse; with the  exception of 
rerotype  3 antirerum which had a t i t e r  of l t32,  u when f i r s t ' ob ta ined .  Second, 
p r e c i p i t i n  r ing r  w i l l  only develop around well isolated Legionella colonier  growing 
on antirerum agar,  and roue batches of the grouth medium, yeaet  ex t rac t  agar, d id  
not  permit growth of individual  colonies although confluent growth did  occur. 

Phenotypic d i f ferences  between the  Pontiac Fever and Legionaairee' Disease 
l r o l a t e s .  Legioncairer '  Disease and Pontiac Fever are  markedly d i f f e r e n t  c l i n i c a l  
d i r ea ra r  i n  h u ~ n r ,  ye t  t h e  agent, which caured the c l a s s i c  Legionnairee' Disease 
outbreak i n  ~ h i l a d 8 l b h i a  and ~ o n t i a c  Pever outbreak i n  Pontiac, Michigan, a r e  
reported t o  be genotypically and phenotypically indentical  t o  k. pneumophila 
rerotype  1. Although Lsgionnairer '  Dieeare appears t o  have r low a t t ack  r a t s  and 
r8ref.y i n f e c t r  healthy young adu l t s ,  Pontiac Peror outbreak* ind ica te  t h a t  the  
a u r a t i v e  agent lr highly in fec t iour  and caurer revera incapaci ta t ing  d isease  i n  
lnd iv fdur l r  of a11 agar; therefore .  a method for df r t inguirh ing between the  Pontisrc 
Pever and Legionnairar '  Direare agents could be vary uoeful  i n  aeseseing t h e i r  
po ten t i a l  t h r e a t  t o  mi l i t a ry  personnel. Difference8 i n  c u l t u r a l  charactcriet icm 
botween the  Poat iac  i s o l a t e  and other  k. pneumophila i r o l a t e s  were noted by us I n  



1978, therefore  a study comparing the c u l t u r a l  cha rac te r i s t i c s  of the  Por t iac  Fever 
i s o l a t e s  with prototype i s o l a t e s  of a l l  known Legionella species grown on four  
d i f f e ren t  media was conducted. No s ign i f i can t  differences could be detected over 30 
days incubation a t  3 5 ' ~  and 81rX r e l a t ive  humidity. 

Effec t  of Legionella infec t ion  and intoxication on host phagocyte an t ibac te r i a l  
ac t iv i ty .  A published method developed i n  our laboratory f o r  determining the 
a n t i b a c t e r i a l  a c t i v i t y  of m u s e  peri toneal  phagocytee i n  viva (1) has been ueed i n  
an attempt t o  detec t  antiphagocytic e f fec t#  of &. pneumophila in fec t ion  and toxin on 
guinea p ig  caseinate-induced per i toneal  exudate phagocytee i n  an i n  v i t r o  ryetem. 
No evidence could be detected tha t  ingest ion azb k i l l i n g  of rtandard t e s t  organism 
(Vibrio parahemolyti=) by guinea p ig  per i toneal  exudate phagocytes wae a f f i c t e d  by 
in fec t ion  with 4. pneumophlle. organisms, nor by contact with Legionella toxin or  
anthrax toxin under the conditions of t h i s  assay. However, the guinea pig 
per i toneal  exudate phagocytes did not undetgo the uwrphologic changes observed i n  
mouse per i toneal  phagocytes when suspended i n  the hypertonic medium required f o r  
growth of phagocytosed t e s t  organisms, s o  tha t  f a i l u r e  of phagocytosed organisms t o  
grow may have been due t o  impermeability of guinea pig phagocytes t o  the  medium 
r a t h e r  than s bacter ioc idal  e f fec t  of phagocytosis. 

Research with Drs. Lowry, Berendt, McNamee, and Hammond involves s tud ies  i n  the  
pathophysiology of aerosolized infec t ious  bac te r i a l  agents using Legionella 
pneumophila. Two rune cf guinea pigs exposed t o  a planned aerosolized LDS0 dose of 
Legionella ~ e u m o p h i l a  were disappointing a s  the team was unable t o  coneietently 
cu l tu re  v i ru len t  organisms from s o h t i o n  fo r  baseline data, o r  from t i ssue .  Work 
with a CDC cu l tu re  ~ b t a i n e d  i n  July tends t o  implicate technical  problem ra ther  
than l o s s  i n  pathogenicity. No fu r the r  aeroeolizat ion is ant ic ipated  u n t i l  t h i e  
prcbiem i n  resolved. 

The ru rg ica l  technique t o  b isec t  the  trachea of guinea pigs ha8 been perfected 
t o  a 5 minute operat ion,  but preservation of the  in teg r i ty  of the t iny  t rachael  
lumen is a r e a l  problem: 1) anything causing aloughing of the trachael  Prcoea 
(aepi ra t ion  by even s o f t  polyethylene, e tc . )  leads t o  eventual lumlnal blockage and 
respi ra tory  d i e t r e s s ,  2 )  "fixing" of the skin-wound by collodian, crazy glue, na i l  
pol l rh ,  etc.,  i r  necessary t o  prevent oozing of blood and serum which rune i n t o  the 
trachael  lumen when the animal becomes ac t ive ,  3) -drop8 of blood and/or eerum 
from the raw t rachael  operat ive eurface escape i n t o  the lumen and coalesce on the  
rucosal  l i n i n g  t o  compromise the airway. Hemoetaais, including Priniacule oozing, 
m e t  be c o w l e t e l y  achieved before the animal leaves the aurglcs l  table.  Animale 
whore t rachael  stump was immediately painted with a ' ro lu t ion  of thrombin l ived 5 
days, and appeared "normal". The surgeon i r  pursuing t h i s  courre. 

A l is t  of a l l  U S M I I D  personnel who have worked with Legionella pneumophila 
h u  h e n  furnished t o  COL James B. Hammond t o  a sce r t a in  "befors and a f t e r "  earn 
t i t e r r  or  lack thereof. C u l t ~ r e sof water faucet r ,  rhower heads, water l ines ,  etc. 
i n  the  s u i t e  a r c  being ca r r i ed  out f o r  Legionella. Hospitalr cul tur ing Le ione l l a  
Irom water and water l i n e s  report  these a8 p o s ~ i b l e  8ourc.s of t h e i r  e p i e 5 ' ,  
26, 27). 



-- 

Pinal ly  the  lart  rerearch work with Dr. Knudron, Captain8 n i k e r e l l  and Dreier  
dea l r  with th. r o l e  of e x t r a c h r o m o e o ~ l  eleocntr  tha t  a f f e c t  pathogem of m i l i t a r y  
i q o r t a n c e ,  Bar ica l ly  t h i s  rerearch e f f o r t  involved revera l  d i f i r r e n t  approachee 
within the r a w  group a r  wel l  a r  col labora t ive  e f f o r t s  with Dr .  Vodkin of the  
Pathology Divirion. The major f indings  thus f a r  have been the i d e n t i f i c a t i o n  of a 
p l a r d d  within B. an th tac i s  t h a t  cont ro ls  the production of toxin (PA, LP, and 
El). Uhether o r  not t h i r  plasmid contains che r t r u c t u r a l  o; aera ly  regulatory 
genet ic  elements f o r  toxin  components i r  r t i l l  unknown. Various # t ra in& of E. 
anthracie  have been cured of t h e i r  p l a s l id r  e i the r  by uring elevated growth 
temporaturc, o r  v i t h  aovobiocin and there  cured r t r a i a r  have been demonetrated t o  no 
1o-r be able  t o  produce protec t ive  antigen, let lral  f a c t o r  o r  edema fac to r  b e e  
p b l i ~ a t i ~ ~16). 

Studier  on DNA repair .  The a b l l i t y  t o  recover from i n j u r i e s ,  whether 
mechanical, chemical or  radia t ion ,  is cha rac te r i s t i c  of a l l  l i v i n g  things and 
favored by na tu ra l  se lec t ion .  Therefore, it. is not surpr is ing  t o  f ind  genetic 
r y r t e m  vhich enable bacter ia  and t h e i r  viruser to  recover from the po ten t l a l ly  
l e t h a l  e f f e c t r  of u l t r a v i o l e t  l i g h t ,  nor is it  rurpr ie ing t o  f ind  these  r epa i r  
r y s t e m  t i g h t l y  regulated and suhjec t  t o  loer  by a r t a t i o n  (4, 5 .  Dr. Knudeon has 
recently wr i t t en  a d e f i n i t i v e  review of the ro le  of inducible DNA r epa i r  i n  W-
react iva t ion  and re l a t ed  phenomena which w i l l  be publirhed i n  Volnme 8 of Progrese 
i n  Holeculrr and Subcellular  Biology. By the conjugal t r ans fe r  of p l a e d d s  pKMlOl 
and R68.45 i n t o  S e r r a t i a  marceecens, Dr.  Knudron deaonstrated p l a s d d  mediated 
r e r i r t a n c e  t o  k i l l i n g  by W-ir radia t ion  (11). .Studies a r e  prerent ly  underway t o  
determine the  W-repair  c a p a b i l i t i e s  of E. an th r rc i r  and Legionella rpecier  and t o  
e luc ida te  the  ro le  of p la ra id r  i n  there  repai r  procareer. 

I r o l a t i o n  of plasmide from B. a~ i th rac i r .  The f i r r t  r t e p  wao t o  screen and 
co.pare vaccine r t r a i n s  and wild type r t r a i n r  of B. an th rac i r  f o r  extrachromosomal 
DNA and t o  character ize  there  ~ l a r m i d 8  i n  t e r m  07molecular weinht. A coatputer 
l i t e r a t u r e  rearch revealed tha; there  war no publirhrd rapor t r  of plasmids i n  B. 
anthraci r .  Dr. Knudroa developed a r i a p l e  and rapid p l a r k d  f r o l a t i o n  proceduTe f o r  
-B. anthraci r  which giver d i s t i n c t  plarmid bands with agarore g e l  e lec t rophorer i r .  

A 8  l i t t l e  a r  0.05 g of DNA can be detected. Thir procedure, which i r  modified from 

a wthod  by K ~ d o  and Liu (28). r e l ea re r  DNA from 5. a n t h r r c i r  by uring a l k a l i n e  
rodium dodecylrulfate (pH 12.6) a t  elevated te.petature8. Protein and c e l l  debr is  
a r e  removed by ex t rac t ion  with phenolchloroforr. The c l a r i f i e d  ex t rac t  i r  used 
d i r e c t l y  f o r  e l ec t rophore t i c  analyr i r .  For CrC1-RtBr gradient  u l t r acen t r i fuga t ion ,  
Sarkoryl war r u b r t i t u t e d  f o r  SDS. Uring t h i r  p l a r d d  i s 9 l a t i o n  procedure, 
Dr. Knudron ha8 i r o l a t e d  plarmidr from revera l  laboratory and wild type i s o l a t e 8  of -B. rn th rac i r  including s t e rna ,  V770, V77O-Held, 107-NP2-R1, Volhm, and from 
prinary i r o l a t e r  obtained from Iowa, Colorado, a d  Tcxar. Uring agarore g e l  
e l ec t rophor r r i r  of DNA i r o l a t e d  from there r t ra i f t s  of &. anthxacir. ,  Dr. Knudsoa 
demonrtrated t h a t  S t r rne  and V770 contain a large w l e c u l a r  weight p la ra id  and a 
rvrll molecular weight p l a r d d  while the  encapsulated v i ru len t  r t r a i n r  contain an 
add i t iona l  la rge  molecular weight plareid,  

Molecular weight determinations. Dr. Knudron ha8 pur i f ied  the  plasmid DNA by 
CrC1-athidim bromide denricy gradient  u l t racent r i fugat ion .  The l w e r  band i n  thcee 
gradidnt r  war p la r r fd  DNA while the  upper band contained chroaoroarrl DNA. The bands 
were removed from the  gradient ,  par t i t ioned with iropropanol t o  remove the  EtBr and 
dia lyred  t o  r ewve  the  CrC1. Thi r  3NA war then electrophorered on a 0.7% agarore 
# e l  and r t a i n r d  with EtBr. A naw s e t  of p l a r d d  r:andardr f o r  molecular weight 
de temlna t ion  by aga rme  pl elec t rophorer i r  war obtained fro. Dr. Eather Lederberg, 
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Plasmid Rafe rence  Cen te r ,  S t a n f o r d  Univ r s i t y .  These E, c o l  s t r a i n s  c o n t a i n  t h  %% 4f o l l o w i n g  plasmids:  R40a (MW * 96 X 10 ); R62 (MW a 80 X 10 ); R1 (MW = 60 X 10 ); 
and RP4 (MU = 34 X lo6) .  The molecular  weight of t h e  plasmid DNA i s o l a t e d  from t h e  
S t e r n e  ' s t r a i n  of B. a n t n r a c l s  was e s t i m a t e d  from i t s  r e l a t i v e  m o b i l i t y  on rigarose 
g e l . ~  compared t o  t h e  r e l a t i v e  m o b i l i t y  of t h e  r e f e r e n c e  plasmsds of .known molecu la r  
weight .  There  is  a l i n e a r  r e l a t i o n s h i p  between the  l o g  of t h e  m l e c u l a r  weight of 
t h e  plasmid and t h e  l o g  of t h e  r e l a t i v e  mobi l i ty .  The molecular  we igh t s  of t h e  
plasmid DNA from the S t e r n e  s t r a i n  was determined by D r .  Knudson t o  be a p ~ r o x i m a t e l y  
95 Mdal and 20 Mdal, u s i n g  a l e a s t  s a u a r e s  r e g r e s s i o n  p l o t .  The molecu la r  v e i g h t  
was a l s o  e s t i m s t e d  t o  be abou t  95 Mdai by t a k i n g  t h e  sum of t h e  molecu la r  w e i g h t s  of 
t h e  plasmid r e s t r i c t i o n  f ragments .  

G e n e r a t i o n  of p lasmid-free  i s o l a t e s .  Curing,  which r e s u l t s  i n  p lasmid-free  
c e l l s ,  was accomplishd by i n h i b i t i n g  t h e  r e p l i c a t i o n  of t h e  autonomous plasmid DNA 
w h i l e  a l l o w i n g  t h e  b a c t e r i a l  chromosomal DNA t o  con t inue  t o  r e p l i c a t e .  Both plasmid 
and chronosomal r e p l i c a t i o n  a r e  h indered  by acr ic l ines  but  t h e  n e c e s s i t y  f o r  growth 
d u r i n g  c u r i n g  s e l e c t s  c e l l s  i n  which c h r o w s o : ~ a l  r e p l i c a t i o n ,  but  n o t  n e c e s s a r i l y  
~ l a s m l d  r e p l i c a t i o n ,  h a s  been achieved.  The e f f e c t f v e  c u r i n g  c o n c e n t r a t i o n ,  which 
is  j u s t  l e s s  than  t h a t  i n h i b i t i n g  growth, was e s t a b l i s h e d  f o r  a c r i d i n e  orange,  
e t h i d i u m  bromide, and novobiocin .  The minimal i n h i b i t o r y  c o n c e n t r . t i o n s  were  
c o n s i d e r a b l y  l e s s  f o r  B. a n t h r a c i s  ( S t e r n e )  than  f o r  &. p&. E l e v a t e d  t e m p e r a t u r e  
was a l s o  used f o r  cu r iTg  s i n c e  some ~ l a s m i d s  a r e  i n h i b i t e d  a t  42'~. S i n c e  t h e r e  
were no known markers  on t h s  p las ia ids  i n l .  a n t h r a c i e ,  i n d i v i d u a l  c o l o n i e s  had t o  be 
t e s t e d  s e o a r a t e l y  on a g a r o s e  g e l s  f o l l o w i n g  t r ea tment  w i t h  c u r i n g  agen t s .  I n  t h i 8  
way D r .  Knudson i s o l a t e d  t h e  f i r s t  s t r a i n s  of B-. a n t h r a c i s  cu red  of t h e  l a r g e  
molecu la r  weight  plasmid. 

P lasmid-assoc ia ted  t o x i n  p roduc t ion  i n  B. a n t h r a c i s .  E. a n t h r a c i s  ( S t e r n e  
cured  w i t h  novobiocin  a t  42°C and n o n t r e a t e d  c o n t r o l  c e l l s  were grown t o  I X 10d 
c f u l m l  i n  a  s y n t h e t i c  mediun which op t imizes  t o x i n  ~ r o d u c c i o n .  Dr. Knudson t h e n  
demons t ra ted  t h a t  an 1.v. i n j e c t i o n  of 2 m l  of c u l t u r e  f i l t r a t e  from n o n t r e a t e d ,  
p lasmid c o n t a i n i n g  S t e r n e  s t r a i n  k i l l e d  F i s h e r  344 a i b i n o  r a t s  wi th  an ave rage  t ime 
t o  d e a t h  of 60 min whereas two, f o u r ,  s i x ,  and e i g h t  ml of c u l t u r e  f i l t r a t e  from t h e  
cured  S t e r n e  s t r a i n ,  which l a c k s  t h e  l a r g e  nolecr? lar  weight  p lasmid,  d i d  no t  k i l l  
when g i v e n  1.v. T h i s  c l e a r l y  demons t ra tes  t h e  association of t h e  l a r g e  plasmid w i t h  
t o x i n  p roduc t ion  i n z .  a n t h r a c i s .  

Sc reen  f o r  o t h e r  p lasmid-assoc ia ted  metabo l i c  marker. D r .  Knudson examined 
V710, S t e r n e ,  and a cu red  S t e r n e  i s o l a t e  (GKBN) f o r  o t h e r  b iochemical  d i f f e r e n c e s .  
Each s t r a i n  was t e s t e d  f o r  d rug  r e s i s t a n c e  by t h e  Kirby-Bauer method u s i n g  16 
d i f f e r e n t  a n t i b i o t i c s .  There  were d i s t i n c t  d i f f e r e n c e 8  between V770 and S t e r n e  i n  
t h e i r  r e s i s t a n c e  t o  m e t h i c i l l i n  and erythromycin.  S t e r n e  and t h e  cured S t c r n e  
(GK8N) s t r a i n s  showed s l i g h t  d i f f e r e n c e s  i n  r e s i s t a n c ' e  t o  s u l f i s o x a z o l e .  The 
s t r a i n s  were a l s o  t e s t e d  f o r  d i f f e r e n c e s  i n  35 metabo l i c  markers.  V770 aird S t e r n e  
showed d i s t i n c t  d i f f e r e n c e s  i n  g e l a t i n  h y d r o l y s i s .  Dr. C u r t i s  Thorne demons t ra ted  - ~- -

t h a t  E. a n t h r a c i s  produces  a b a c t e r i o c i n  a g a i n s t  t h u r i n g i e n s i s  and conf i rmed t h a t  
i t  is n o t  p lasmid l i n k e d .  



I r rnod i f fu r ion  anaay. Novobiocin cured s t ra icr  a d  wild type s t ra in8  were 
tranafarred with a t e r i l e  toothpicks t o  pla tes  of cheaically-defined medium 
contrlining antiserum from goate that had been inoculated with 2. anthracis (Sterne) 
aporae. Po l lwing  a 24 h incubation i n  a C02 incuhator, halos of precipi ta te  
aurroundad untreated plasmid containing coloniea while halos were not seen around 
p l u d d  f ree  novobiocin t reated isolatee.  

Cloning the protective antigen gene from B. anthracis. Dr.  Knudaon began t h i s  
rtu&y of anthracis genetic8 by locking for  pluuida and t he i r  involvepant i n  
t o r i n  production. There were aeveral  raaronr for wpec t ed  plarmid fnvolvement. 
Aa th ru  ir a tor igealc  r l i aeue  and toxin prduct ion i r  p l s m i d l s d i a t e d  i n  uany 
other pathosew. F u r t h e m r e ,  several  ap*ci@a of h c i l l u a  a r e  kaoun t o  contain 
p lua ido*  

There l a  a pressing need for  a aore effective anthrax vaccine. Protective 
antigen, which l a  oue of the E. anthracis toxi3 components, ir tha subetanca i n  the 
prarently wed  crude vaccine which is pr inar i ly  respotaaible fo r  the  development of 
i r l n i t y .  Protective antigen, which has been sham to be an effect ive im~lnogen f o r  
protection againat a spore challenge, could ha produced i n  large q w n t i t i e t  by 
cloning tho gene f o r  protective artigen. Since Dr. b d a o n  hm rhown that  the & 
anthracis toxin production l a  plaeaid-associated, hie s f for ta  have been concentrated 
on cloning the &. anthracis plaraid rea t r ic t ion  fragments. 

Tho f i r a t  r t ap  wu the  i so la t ion  and purification of the z. anthracir  p l a r d d  
DNA by CaC1-EtBr ul t racentr i fugat ion of Sarkosyl-lyrater. Dr.  Anudson has recently 
increaaad the purity of the 4. znthracie  plasmfl DNA trcm SDS- lyeatea by extracting 
it from the ngaroaa electrophoretic bandr using low m l t i a g  point agatosa folloued 
by EtOH precipitation. Thir method is fastt!: th.n W1-Ear ul t racentr i fugat ion and 
raaulta i n  a plasmid preparation with less  contudorrting &roaocoral DNA. The 
recond atep wa8 t o  cleave t h u s  anthracis plaadd DUA wfth variour r ee t r i c t i on  
enrpwr,  includiag tco111, Rind 111, & I, and and then t o  separate the 
r e r t r i c t i oo  fragments by electrophoreoia. The vectorr @322 and pRB325 ware 8180 

linearized with rea t r ic t ion  enzymer. The wctor r  ware then t reated with bactezial  
a lkal ine phoaphataae (MP)which removed the 5'-terdp.1 phoaphate groups thus 
preventing recircular izat ion and plaaaid d i u r  farut ion.  Th. th i rd  s tep  war 
l igation. I r e a t r i c t a d ~  anthracie plaaaid DNA war d u d  with BAP t reated 
vector DM along with DNA l igare.  Ligation8 were r h o  run with k R 1 cut pBR325 
(with and without BAP) a d  Eco R1 5. DNA rertriction fragmentr. Self l igat ion 
of R1 cut phrmida, without BAP t r ea tma t ,  r w  deaonatrated by ge l  
olactrophoreair. M e  next atep war tranrforarttoa. Competent c r l l a  i n  CaC12 were 
traoafomed with pBR322 and rcreaned fo r  realatrace t o  a s p i c i l l i n  and 

.tetracycline.  Tr8nrformation with uncut pB8322, uncut pBR325, and with pBEU22 
linearized with &I and rel igated with Tb DNA ligarc, a l l  resulted i n  expected 
lenir  of tranrforard cell,. Tranrformation with cnctot DNA l igated with &. 
aathracia p l u r i d  f r a m n t r  gam very low yieldr. 

The f i n a l  s tep  l a  acresning. Novobiocin cured r t r a i m  and wild type s t ra ino of 
-B. m t h r a c i a  were t ramfar red  with a t e r i l e  toothpiclrr t o  p h t e c  of chemically-
d e f i u d  mdium containing antinerum from goats that h.4 bean inoculated w i thz .  
anthracir  (Stem.) epore. l o l l w i n g  a 24 h incubation i n  a C32 incubator, halas of 
p rec ip i ta te  aurrouaded untrea&ed p l a s d d  coataidrig coloaiea while haloa were not 
roea around p l u a i d  f r ee  nevobiocia t reated iaak te r .  Thir i .unodiffusion aesay 
rill ba ured t o  rcreea tbg. p&t ra ru to run t r  for&. anthracir  toxin produetion. 
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BODY OF W O R T  

Project  No. 3M161102BS10: Mi l i ta ry  Disease, Injury and Health Hazards (U) 

Work Unit No. SIO-AP-A~~: Biology of Viral  Agents of Poten t ia l  BW Importance 

Background: 

During the  period of t h i s  report ,  considerable progress was made on the 
charac te r iza t ion  of Hantaan v i m  (HTNV), the e t io log ic  agent of Korean Hemorrhagic 
Fever (KIP).  Following the  development of r aa r i t i ve  u r a y r  f o r  v i ru r  i n f e c t i v i t y  
(plaque array) ,  v i r u r  ant igen (radioimutna .erq and IILISA) and antibody (plaque 
reduction neut ra l iza t ion  t e a t ) ,  m t thodr and procedures were d e r c r i k d  f o r  optimal 
propagation, concentration, and pur i f ica t ion  of c e l l  adapted HTNV. Spherical t o  
oval  p a r t i c l e s  with a u n i t  membrane and subunit surface s t ruc tu re  were demonstrated 
by negative cont ras t  s ta ining.  Purifiod virions were shown t o  contain th ree  
separa te  and unique RNA species  and a t  l e a s t  two resolvable proteins. RNA extracted 
from p a r t i a l l y  pur i f ied  HTW was visual ized by electron microscopy and 
i l u n o r p e c i f i c  l abe l ing  of smooth membraned vesicles  was demonstrated i n  v i rus  
infected c e l l s  i n  rhe absence of recognizable i n t r ace l l u l a r  vir ions.  

Research on v i ru r  ant igen character izat ion continued using primarily monoclonal 
antibodies.  During t h i r  report ing period, lymphocyte hybridomas producing 
monoclonal ant ibodies  t o  Punta Toro and Ri f t  Valley Fever (RW) v i ru s  were prepared 
and charac te r iza t ion  i n i t i a t e d .  Although wre hybridoms producing d i f f e r en t  
monoclonal ant ibodies  t o  these v i rurer  v i l l  be required t o  provide complete 
dercr ip t ionr  of t he  ant igenic  determinant8 avri lable ,  many of these reagent6 have 
already proven useful  i n  rapid v i r a l  diagnosir and d i f f e r en t i a t i ng  v i rus  s t r a in s .  

A continuing rerearch e f f o r t  directed t m r d  the exprerr ion of an i m n o g e n  of 
po t en t i a l  prophylactic value against  RVF virur  infect ion ur ing recombinant DNA 
technology required the  c lose  col laborat ion of in-houre rerearch e f f o r t s  and the  
r t a f f  of Holecular Genetic8 Inc. (MGI). Multiple preparation. of che m-regacnt RNA 
from RVF v i m 8  were pur i f ied ,  r a f e ty  tes ted  and rent  t o  HGI laborator ies .  A c-DNA 
clone was used t o  develop procedures fo r  propagation, i so l a t i on  asd charac te r iza t ion  
of DNA clones from plarmid vectors  and hort bacteria. HybridizatLL.ii s t ud i e s  have 
rhovn t h i s  clone t o  k, an extremely useful  probe fo r  the detect ion and i e n t i f i c a t i o n  
of RVF virum Peegment RNA. 

Studier  on the  evaluat ion of ol ignucleot idi  mapping a s  a teclmique f o r  
er t imating homology between dengue-l r t r a i n r  were completed and preliminary 
charac te r iza t ion  of Junn v i ru r  RNA was in i t i a ted .  Thir change i n  research emphasis 
r e f l ec t8  a r h i f t  i n  d i r ec t i on  toward the characterization of the more hazardous 
agentr  baing researched a t  USAMRIID uring techlrfquer developed with agentr requir ing 
l e r r e r  containment. 

Progrerr r 

tlTHV 18 the  tu rn  given t o  the  v i m 8  regirtared 88 the e t i o log i c  agent of Korean 
M w r r h a g i c  Fever (KHF) o r  hemorrhagic fever  with renal  ryndroae. The prototype 
v i ru r  war o r ig ina l l y  i r o l a t e d  from the Korean r t r iped  f i e l d  mure ,  Apodeaur ag ra r iu r  
coriae, and t h i s  r t r a i n  (176-118) war parraged f ive  timer i n  rero-negat ive r t c e  by 



i n j e c t i o n  of a n t i g e n  p o s i t i v e  lung m a t e r i a l .  HTNV (#76-118) was s u c c e s s f u l l y  
adap ted  t o  c e l l  c u l t u r e  a t  ITSAMRIID by French and co-workers by i n f e c t i n g  human 
a l v e l o r  carcinoma c e l l  l i n e  w i t h  i n f e c t i o u s  mouse iung m a t e r i a i .  Although many of 
t h e  b a s i c  c h a r a c t e r i s t i c s  of t h e  v i r u s  have been d e s c r i b e d ,  taxonomic placement and 
molecu la r  c h a c t e r i z a t i o n  have awai ted t h e  development of t h e  i n  v i t r o  t e c h n o l o g i e s  
necessa ry  f o r  p r o p a g a t i n g  and a s s a y i n g  high t i t e r e d  v i r u s  s l i s ~ ? n s i o n s .  Development 
of such methods and p a r t i a l  c h a r a c t e r i z a t i o n  of t h e  agent a r e  t h e  s u b j e c t  of t h i s  
r e p o r t .  

A  v a r i e t y  of HTNV i s o l a t e s  have been examined a t  USAMRIID, however, t h e  176-118 
s t r a i n  remains  a s  t h e  on ly  i s o l a t e  w e l l  adapted f o r  r e p l i c a t i o n  i n  c e l l  c u l t u r e .  
Many of t h e s e  o t h e r  s t r a i n s  have e x h i b i t e d  evidence of con tamina t ion  w i t h  Reovirus- 
l i k e  a g e n t s .  For t h e s e  r e a s o n s ,  t h e  X76-118 s t r s i n  of HTNV h a s  been adopted a s  t h e  
v i r u s  s t r a i n  used f u r  a l l  subsequent  c h a r a c t e r i z a t i o n  work and o t h e r  s t r a i n s  w i t h  
suspec ted  con tamina t ion  have been conf ined  t o  an i s o l a t e d  l a b o r a t o r y  i n  which 
e l i m i n a t i o n  of t h e  contaminants  i s  being a t tempted.  

E a r l y  s t u d i e s  on v i r u s  c h a r a c t e r i z a t i o n  were performed u s i n g  v i r u s  t h a t  had  
been passaged 15 times i n  A549 c e l l s .  A t t e a p t s  t o  p ropaga te  t h i s  v i r u s  i n  a  c l o n e  
of Vero c e l l s  (Vero E-6) r evea led  t h a t  v i r u s  t i ters were lower t h a n  comparable 
s t u d i e s  i n  A549 c e l l s .  A new p r e p a r a t i o n  of v i r u s  t h a t  has  been passaged on ly  t h r e e  
t imes  i n  A549 c e l l s  and two a d d i t i o n a l  passages  i n  t h e  Vero E-6 c e l l s  c u r r e n t l y  
s e r v e s  a s  seed  v i r u s .  T h i s  v i r u s  p r e p a r a t i o n  r e s u l t s  i n  h i g h e r  y i e l d s  of i n f e c t i o u s  
v i r u s  from Vero E-6 c e l l s .  

The passage  l e v e l  of v i r u s  used a s  i n f e c t i v e  i n o c u l a  appeared impor tan t  i n  
o b t a i n i n g  h i g h  t i t e r e d  v i r u s  y i e l d s  The f i r s t  passage i n  Vero E-6 c e l l s  (A549 
passage 3 inoculurn) y i e l d e d  only  104 P F U / ~ ] .maximum t i t e r  and t h i s  d i d  n o t ' o c c u r  
u n t i l  10-12 days  p o s t - i n f e c t i o n .  A second passage i n  Vero E-6 c e l l s  r e s u l t e d  i n  a 
maximum t i t e r  of g r e a t e r  than  107 PFU/m a t  about  7-9 days  p o s t - i n f e c t i o n .  A  t h i r d  
passage  i n  Vero E-6, u s i n g  u n d i l u t e d  10t PF / m l  v i r u s  from t h e  second passage ,  
r e s u l t e d  i n  a  maximum t i t e r  of l e s s  than  10 PFUIml, but t h e  maximum t i t e r  was 
o b t a i n e d  a t  approx imate ly  2 days p o s t - i n f e c t i o n .  Current  p rocedures  i n v o l v e  t h e  
i n f e c t i o n  of Vero E-6 c e l l s  wi th  a second passage v i r u s  d i l u t e d  1:500-1:1000 and 
h a r v e s t  of i n f e c t i o u s  s u p e r n a t a n t  f l u i d s  7-10 days p o s t - i n f e c t i o q .  Th i s  method 
c o n s i s t e n t l y  y i e l d e d  v i r u s  p r e p a r a t i o n s  t i t e r i n g  i n  excess  of 10 PFU/ml. The 
p resence  of d e f e c t i v e  i n t e r f e r i n g  p a r t i c l e s  o r  some o t h e r  i n t e r f e r i n g  s u b a t a n c e ( s 1  
i n  t h e  i n f e c t i n g  v i r u s  inoculum cannot be extended and is c u r r e n t l y  under  
i n v e s t i g a t i o n .  

A p laque a s s a y  f o r  HTNV has  r e c e n t l y  been developed f o r  c e l l  c u l t u t e  adap ted  
HTNV based on t h e  p r e v i o u s  work by Dr. Joseph McCormick and c o l l e a g u e s  a t  CDC, 
A t l a n t a ,  Of some 20 d i f f e r e n t  c e l l  l i n e s  examined, only  3 l i n e s  s c p p o r t e d  t h e  
p laqu ing  df HTNV, Vero E-6, A549, and LLC-KK2. Of t h e s e ,  t h e  Vero E-6 c e l l  must be 
c o n s i d e r e d  t h e  s u p e r i o r  s u b s t r a t e  because of t h e  c l a r i t y  of t h e  p laques  and t h e  
a b i l i t y  of t h e s e  monolayers t o  wi ths tand  long i n c u b a t i o n  times under  a g a r o s e  
o v e r l a y s .  It was i n t e r e s t i n g  t o  n o t e  t h a t  t h e  Vero c e l l s  were n e g a t i v e  i n  p laque  
a s s a y s  even though t h e y  were t h e  pa ren t  c z l l s  from which t h e  E-6 c l o n e  s a s  
de r ived .  A l l  o t h e r  c e l l s  t e s t e d  were nega t ive  i n  HTNV plaque a s s a y s ,  even w i t h  
numeroue changes  i n  t h e  composi t ion of t h e  o v e r l a y  such a s  t h e  a d d i t i o n  of h e p a r i n ,  
d ime thy l  s u l f o x i d e ,  t r y s p i n ,  and/or  DEAE dextra;... It should  be mentioned t h a t  o t h e r  
c e l l  l i n e s  cou ld  s u p p o r t  t h e  r e p l i c a t i o n  of HTNV even though they  were an 
u n s a t i s f a c t o r y  s u b s t r a t e  f o r  t h e  plaque assay.  



The plaque assay f o r  BTNV, a s  o r i g i n a l l y  described, required a f u l l  14-17 days 
incubat ion before  r e a d i l y  d i s c e r n i k l e  plaques could be quan t i t a ted .  Using t h e  
c u r r e n t  assay with s l i g h t  modif i c a t i o n a ,  such a s  incubation a t  3 8 ' ~  and v i r u s  
passaged through Verb E-6 c e l l s ,  c u l t u r e  can be stained as  e a r l y  a s  day 5 o r  6 and 
plaques counted on day 6 o r  7. Large, medium, and em11 plaques could be 
d i s t ingu i shed  and p u r i f i e d  p repara t ions  of each plaque-oize v i r u s  could have been 
prepared by plaque s e l e c t i o n  and subsequent plaque-to-plaque passage. Each of t h e  
plaque p repara t ions  have been v e r i f i e d  a s  HTVN by w u t r a l i z a t i o n  s t u d i e s  us ing  KHF 
convalescent se ra .  

Plaque reduct ion n e u t r a l i z a t i o n  t e s t s  have been performed on a b a t t e r y  of acu te  
and convalescent KEUP s e r a  from a v a r i e t y  of sourcer. Both l a r g e  and small plaque 
vl~userwere n e u t r a l i z e d  i n  t h e  presence of antibody and no non-neutra l izable  
f r a c t i o n  of v i r u s  could be detected.  The add i t ion  of f resh non-immne serum (2% 
aonkey serum) t o  t h e  v i r u s  antibody mixtures appeared to  s i g n i f i c a n t l y u  inc rease  t h e  
80%plaque reduct ion n e u t r a l i z a t i o n  endpoint t i t e r .  Although complement sources  
such a s  guinea p ig  serum were a l s o  shorn t o  increase  a e u t r a l i z a t i o n  t i t e r s ,  they 
were not a3 e f f e c t i v e  a s  f r e s h  monkey se ra .  Using "assesrrory f a c t o r "  o r  f r e s h  
monkey s e r a  human serum n e u t r a l i z a t i o n  antibody t i t e r s  approachad i n d i r e c t  
f luorescen t  t i t e r s .  This was t r u e  f o r  a l l  convalescent KEIF s e r a  from Korea, but 
f luorescen t  antibody t i t e r s  on Nephropathia epidemiu sera  from Scandinavian cases  
were s t i l l  considerably  higher  than n e u t r a l i z a t i o n  t i t e r s .  Theee d a t a  suggest t h a t  
t h e  n e u t r a l i z a t i o n  t e s t  can be used t o  confirm fluorescent antibody serology,  but 
p r o t d l y  is q u i t e  s p e c i f f c  f o r  HTNV s t r a i n s  from Korea and surrounding areas .  

Virus concen t ra t ion  and p u r i f i c a t i o n  s t u d i e s  have been previously  hampered by 
th. r e l a t i v e l y  poor v i r u s  y i e l d s  from Infec ted  c e l l  cul turee  and t h e  apparent 
i n r t a b i l i t y  of t h e  v i r u s  p a r t i c l e  dur ing most pur i f icat ion and a n a l y t i c a l  
procedures. Using v i r u s  p e l l e t e d  i n  the  ul t racentr i fuge o r  concentra ted by 
polyathylene g l y c o l  p r e c i p i t a t i o n  and sedimentation oo r a t e  zonal  sucrose  g r a d i e n t s  
f o r  s h o r t  c e n t r i f u g a t i o n  t i w e ,  we have been a b l e  to de roor t ra te  t h e  coincident  
sedimentat ion of virus i n f e c t i v i t y  nreasured i n  t h e  plaque assay and v i r u s  an t igen  
de tec ted  by s i m p l i f i e d  radioimmne assay. (RIA). Tha RIA employed involves  t h e  
e l e c t r o s t a t i c  attachment of an t igen  t o  a polyvinyl chloride m i c r o t i t e r  p l a t e ,  the  
a d d i t i o n  of convalescent human o r  imnune experia;antal animal a n t i s e r a ,  and t h e  
d e t e c t i o n  of bound iaumne complexes with iodinated protein A. Using t h i s  assay,  
u l t i p l e  eedimenting a n t i g e n i c  spec ies  can be detected i n  concentra ted v i r u s  
preparat ions .  

HTVN has been repor ted a s  an RNA v i r u s  based primarily on t h e  i n s e n s i t i v i t y  of 
v i m 8  r e p l i c a t i o n  t o  a c t i n o  i n  D. To more c lea r ly  define t h i s  RNA s t r u c t u r e ,  
v i r u r  was radiolabeled uithqSP from 6-9 days post-infection i n  Vero E-6 c e l l e .  
Ul t racen t r i fuge  p e l l e t e d  m a t e r i a l  wae sedimented t o  near dens i ty  on sucrose  
g rad ien t8  and peak v i r u s  an t igen  f r a c t i o n s  detected by RIA. Although p r e c i s e  
dens i ty  measurements i n  o the r  g rad ien t  media have not been completed, t h e  major peak 
of redimetable an t igen  appeared a t  a dens i ty  of 1.2. Uucleic a c i d  ex t rac ted  from 
t h i r  peak and rub jec ted  t o  e l e c t r o p h o r e s i s  on agarom ge l r  revealed t h r e e  d i s t i n c t  
and -11-reparated RNA r p a c i e s  by autoradiography. 

Although only prel iminary molecular weight e n t i u t e s  have been made, us ing 285 
and 18s h o r t  c e l l  ribosomal RNh a s  markers, a value of 2.6 mi l l ion ,  1.2 mi l l ion ,  
&ad 0.6 mi l l ion  d a l t o n r  have been t e n t a t i v e i y  arsigaed t o  the  L, M, and S segments, 
r e rpec t ive ly .  A l l  t h r e e  specie8 a r e  s e n s i t i v e  t o  ribolluclarse d igea t ion  and t h e  
q u i d i r t a n t  r e p a r a t i o n  of t h e  t h r e e  RNAs on agarose gelr i r  q u i t e  d i f f e r e n t  from t h e  



migrat ion of R i f t  Val ley Fever v i rus .  Preliminary d a t a  from o l igonuc l eo t i de  maps of 
T1 r ibonuclease  d i g e s t s  of each of t h e  RNA segments c l e a r l y  showed the se  RNA spec i e s  
t o  be unique t o  HTNV and s e p a r a t e  from the  c e l l u l a r  ribosomal WAS o r  segmented 
v i ru se s  c u r r e n t l y  br ing  i nves t i ga t ed  i n  the laboratory.  

Virus p ro t e in s  were not emphasized i n  ear ly  experiments because of t h e  chronic  
na ture  of t h e  i n f e c t i o n  and our i n a b i l i t y  t o  reduce t he  uptake o t  r ad ioac t i ve  
p r o t e i n  precursors  i n t o  no ma1 hos t  c e l l  proteins .  I n  prel iminary experiments us ing  
concentrated and p u r i f i e d  '5S-methionine rad io labe led  HTVN, only a  s i n g l e  
polypept ide of 50-55,000 d a l t o n s  could be resolved on d iscont inuous  polyacrylamide 
ge l s .  A polypept ide i n  t h e  50-55,000 MW range has a l s o  been de t ec t ed  i n  both 
p u r i f i e d  v i r u s  and i n f e c t e d  c e l l  l y s a t e s  using immunodetection of an t i gen  from 
polyacrylamide g e l s  b l o t t e d  onto n i t r o c e l l u l o s e  paper. More r ecen t ly ,  a second 
s t r u c t u r a l  polypept ide of approximately 65,000 da l t ons  has been de t ec t ed  i n  
prepara t ions  of p u r i f i e d  rad io labe led  virus .  The de t ec t i on  of only two p r o t e i n s  
probably r e f l e c t s  t he  low y i e l d s  of pu r i f i ed  v i ru s  o r  t he  i n s e n s i t i v i t y  of 
imm~nodetect ion methods s i n c e  most v i ru se s  wiht s i m i l a r  c h a r a c t e r i s t i c s  con t a in  
t h r e e  o r  more s t r u c t u r a l  p ro te ins .  

The increased  y i e l d s  from in f ec t ed  cell .8,  s e n s i t i v e  methods f o r  d e t e c t i n g  
i n f e c t i o u s  v i r u s  and an t i gens  and methods f o r  concent ra t ing  and pu r i fy ing  HTNV, have 
con t r i bu t ed  s i g n i f i c a n t l y  t o  t he  cha rac t e r i za t i on  of t h e  v i rue .  Progress  from t h s i  
po in t  should be much more r ap id  and complete biochemical c h a r a c t e r i z a t i o n  of HTNV 
now appear8 f e a s i b l e .  

Supernatant  f l u i d s  from A-549 c e l l  cu l t u r e s  i n f ec t ed  wi th  HTNV inocula  i n  t h e  
9 th  t o  15th passage con t a in  rouud t o  ova l  p a r t i c l e s  which vary i n  diameter  from 80 
t o  110 nm (average, 95 n r ) .  P a r t i c l e s  have a  r egu l a r ly  spaced subuni t  s t r u c t u r e  
which is revealed by gluraraldehyde treatment and c o n s i s t s  of s u r f a c e  pro jec t ions .  

To determine whether o r  not t he  observed p a r t i c l e s  were a s soc i a t ed  with v i r u r  
a c t i v i t y ,  i s o l a t i o n  of t he  v i r u s  was attempted i n  eucrose gradient 's .  Maximum 
v i r u s  i n f e c t i v i t y  was l oca t ed  a t  buoyant d e n s i t i e s  of 1.15 t o  1.18 glml i n  repeated 
experiments.  Vi r ions  were found by e l ec t ron  microscopy only i n  f r a c t i o n s  a t  o r  
ad jacent  t o  those  wi th  maximum i n f e c t i v i t y .  

These d a t a  suggested t h a t  the  w r p h o l ~ g y  of HTNV is  
which is c o n s t s t e n t  wi th  published pysicochemical 
of t h i s  r epo r t  d e s c r i b i n t g  t h r ee  bands i n  agarose g e l s  of RNA e x t r a c t 8  from HTNV. 

I N  pu r su i t  of a d d i t i o n a l  support ive Information, we at tempted t o  v i s u l i z e  
genome segments of HTNV by e l ec t ron  croscopy. Supernatant f l u i d s  from in f ec t ed  A-
549 c e l l  c u l t u r e s  conta in ing  3.0 x 103 f luorescent  focus  foroming u n i t s  (FFU) were 
c l a r i f i e d  by f i l t r a t i o n  and e t i r r e d  overnight i n  10% polyethelyne g lyco l  (PEG) 6000 
and 0.5M NaC1. Approximately 46 percent  of the  o r i g i n a l  i n f e c t i v i t y  was recovered 
i n  18-fold concent ra t ion  a f t e r  t he  p r e c i p i t a t e  obtained by c e n t r i f u g a t i o n  a t  10,000 
X g was d isso lved  i n  TNE buffer .  A 5 m l  volume was appl ied  and cen t r i fuged  on a  
r e o r i e n t i n g  l i n e a r  rucroae grad ien t ;  however, t he  s e a l  leaked on t h e  tube conta in ing  
t h  v i r u s  g r ad i en t  dur ing  cen t r i fuga t i on .  This d i s turbed  t h e  l i n e a r i t y  of sucroee 
d e n s i t i e e  i n  t h e  g r ad i en t  dur ing  t he  r eo r i en t a t i on  phases and aseay of 2 m l  
f r a c t i o n s  ehowed nea r ly  equa l  FFU t i t e r s  throughout a l l  f r a c t i o n s .  A l l  t h e  
f r ace ions  were pooled, d i l u t e d  with 9 voluares of TNE buf f e r  and t r e a t e d  wi th  PEG a s  
above. The p r e c i p i t a t e  was d i sso lved  i n  TNE buffer ,  l ayered  over  15 percent  



r i b o n u c l e a r r f r e e  rucrore and centr i fuged a t  132,000 g f o r  1.5 hr. This p r ec ip i t a t e  
u u  derolved i n  TNE buffer  and the  BNA, extracted with eodium dodecyl s u l f a t e  and 
phenol, war prepared f o r  e lec t ron  microscopy (6). Total RNA was examfned without 
f rac t iona t ion  and lengthe were determined a f t e r  spreading on formamide. The r e su l t a  
a r e  r h m  i n  Table I. A l l  molecules were l inear  strands; no c i r c u l a r  s t rands were 
reen. S t a t i s t i c a l  ana lye is  of 401 w l e c u l e s  indicates a minimum of two a i ze  
Cireareo. A p p r o x i ~ t e l y  7.5 percent of the molecule8 were mrkedly  longer with an 
average length of 1.33 nm. The length of the other moleculer var ied from 0.2 
t o  0.9 m. A peak frequency a t  0.35 no appear8 lewed ind ica t ing  a high background 
(i.e., fragment8 of l a rge r  RNA molecules or  cel lular  MA) and/or the  presence of an 
intermediate rite cla86 of RNA m l e c u l e r  with 8n average length grea te r  than 0.5 no. 

A molecular rtandard wa* not included i n  thir preliminary evaluataion of a 
technique f o r  v i rua l i z ing  RIJA mlecules .  Although va cannot est imate molecular 
weight, the frequelcy and d i s t r i b u t i o n  of 0.35- and 1.33- m l e c u l e s  i e  comparable 
t o  t ha t  described f o r  Uukuniemi v i ru s  (5). 

Cultures of k 5 4 9  c e l l s  have been used for  r tudies  of HTNV mrphogeneeie. 
Infected c e l l  cu l ture8  do not display cytopathogenic e f f e c t s  and the  u l t r a s t r u c t u r a l  
mrphology of these c e l l s  i r  v i r t u a l l y  indistinguishable from normal onee. These 
oboervationr a r e  cons i r ten t  f o r  cu l t u r e s  i n  which 90 percent of the  c e l l s  contain 
i l a rnof luorercent  (IF) ant igen rpec i f i c a l l y  detected with human convalescent 
@arum. Occarionally, individual  p a r t i c l e r  o r  c lu t e r i l  were reen near golgi-lamellae 

These part ic ler  a r e  90-100 nm i n  diameter. i n  othexwire normal appearing ~ ~ 1 1 8 .  
Uring procedure8 t h a t  permeabilire cytoplaraic  membranes t o  antibody molecules 
without der troying the  u l t r a r t ruc tu re ,  we have attempted t o  de tec t  p a r t i c l e r  by 
iw?noe l ec t ron  micr,\scopy with f e r r i t i n  (6). KTUV antigen w u  local ized with rabbi t  
antirerum t o  t he  heterologour of HTNV (1). The reaction product was concentrated 
within r m t h  mmbraned v e r i c l e r  of HTKV-infected c e l l  but no v i ru s  p a r t i c l e s  were . 

e 166 c e l l  cu l ture ,  a Vero c e l l  clone, hu k e n  used t o  plaque assay 
iiTNV 23. We examined infec ted  E-6 cu l t u r e r  i n  the e lec t ron  microrcope and compared 
the  growth of A549 c e l l  adapted HTNV i n  E-6 and k S b 9  c e l l  cu l ture r .  Both c e l l s  a r e  
r ir i lar  with respect  t o  lack of u l t r a r t r u c t u r a l  changer a f t e r  HTNV infect ion.  
Growth and development of i n t r a c s l l  l a r  antigen ware evaluated i n  b w e l l  p l a t e s  and 
8-chambered r l i d e  cu l t u r e r  (LAB TEKt,Mile8 Uborr tor ie r )  by aeray of supernatant 
cu l t u r e  f l u i d  f o r  FPU and i a~unof luo re scen t  rtainfng, rerpect ively.  Maxinaum 
i n f e c t i v i t y  t i t e r  appeared e a r l i e r  i n  A-549 cel l8  and wae ra in ta ined  a t  higher 
l eve l s  than i n  E-6 c e l l r  (Table 11). The number of c e l l r  containing IF antigen and 
tha t im of i t r  appearance i n  c e l l r  para l le led  the i n f ec t i v i t y  t i t e r s  with both c e l l  
liner. 

R i f t  Valley Fever (RVF) v i ru r  remain8 an l.portmt h u u n  and 811i1~81pathogen 
and a d i r ea r e  t h r ea t  of po t en t i a l  s ign i f icance  t o  the mil i tary.  Virus research 
d i rec ted  toward combating ouch a d i r ea r e  probles u r t  Include e f f o r t 8  t o  obtain 
rapid and r e n r i t i v a  v i ru r  and v i m 8  antibody detrction t y e t e w  a8 w e l l  88 attempt8 
to enhance h u n n  i n u n i t y  through the developwat of i.pro-d vacciner. Thir 
rerearch pro jec t  ha8 rpec i f i c a l l y  applied two of tha more recent ly developed 
tedchnologi+r t o  the rtudy of the RVF probles,  ~ i w l y t  lymphocyte hybridoma 
production of w n o c l o ~ l  ant ibodier  and the production of r p e c i f i c  imounogenr ur ing 
recombinant DNA. KVY v i ~ rh8r not bean intenrivaly r tudied i n  the  U.S. primarily 
k c a u r e  of the r equ i r ema t  f o r  containment; therdore  conriderable basic molecular 
cha r r c t e r i r a t i on  of the  v i rur  war a necerrary pr r r rqu i r i t e  t o  there  r tud ie r .  



Following the development of methodologies neccessary for characterizing RVF 

virus, the virion structural proteins were isolated and identified. Lymphocyte 

hybridomas were prepared using standard procedures and two separate fusion 

experiments yielded a battery of monoclonal antibodies directed against RVF virus. 

The first fusion resulted in 13 hybridoea cultures that are currently frozen in the 

USAMRIID repository and the second fusion experiment resulted in an additional 36 

cultures producing monoclonal antibodies. Although cultures from the latter 

expoeriments are similarly frozen at USAMRIID, they have not yet been paasaged or 

further cloned and as a result, the immortality and future viability of each of 

these hybridomas cannot be predicted. In addition to the RVF virus experileents, two 

separate fusion experiments are performed using the closely related Phlebovirus, 

Punta Toro. Characterization of the monoclonal antibodies resulting from these 

fusions is being performed in collaboration with Dr. Jonathan Smith, a USAMRDC 

contractor at the University of Maryland Medical School, Baltimore, Maryland. 


Since the solid phase radioimmune assay (SPRIA) was the assay employed for 

detecting antibody positive hybrfdoma cultures, all monoclonal antibodies react by 

SPRIA but could also be detected using ELLSA or indirect fluorescent antibody 

procedures. Of those examined, none of the RVF virus monoclonal antibodies have 

been shown to inhibit viral hemagglutination or neutralize virus in plaque reduction 

neutralization tests. Using radioimmune precipitation and analysis of the 

hprecipitated virion component8 by polyacrylamide gel electrophoresis (PAGE), the 

majority of the monoclcnal antibodies appeared to be directed toward the 

nucleocapsid protein of the virus. This would explain why hesagglutination 

inhibition and neutralization were not observed since the nucleocapsid is internal 

and does not p~rticipate in either of these viral functions. Uonoclonal antibodies 

directed against the viral glycoproteins have b r n  detected but precise 
identification of the. specificity (GI of G p )  msst await refinement of the 
raidioimmune precipitation test. The G1 and G2 envelope glvcoproteins of RVP virus 
migrate very similarly on PAGE and clear resolution of antibody precipitated 

position is extremely difficult. The envelope glycoproteins of Punta Toro virue are 

more easily resolved by PAGE and separate GI and Cpreactivities have been desribed 

among these monoclonal antibodies. In contrast to the RVF virus experience, both 

neutralizing and hemagglutination-inhibiting antibodiesha*ie been observed among 

Punts Toro monoclonal artibodieo. These antibody functions do not appear to 

segregate with glycoprotein specificity and were observed with both anti-GI and 

anti-G2 monoclonal antibodies. 


Several of che TVF v i m 8  monoclonal anitbodiea have been submitted to the Rapid 

Virus Diagnosis group at USAMRIID for evaluation as both capture antibody for virus 

detection system as well as type specific and cross reactive immune reagents for 

virus identification. Many of these reagznts were useful in antigen capture ELISA 

testa (Dr. Robert Rosato, personal communication) and still others exhibited 

potential in differentiating RVF virus from othe cross-reacting Phlebovirusee and 

identifying eeparate strains of RVP virus (Dr. C. J. Paterr, p~reonal 
coonnunication). 


After demonstrating the utility of the methods and feasibility for using 

monoclonal antibodies for lymphocyte hybridomas to characterize virus antigens, a 

lymphocyte hybridoai production rupport facility has been installed at USAMRIID. 

Technical ataff have bee trained by a workshop conducted at USAMRIID ar,d this 

facility now functionr under the direction of Dr. Elizabeth Early, Virology 

Divirion. 




Product ion of RVF v i r u s  itnmunogens using recombinant DNA technology was pursued 
with t h e  a s s i s t a n c e  of a US- c o n t r a c t  with Molecular Genet ics ,  Inc. (MGI)  
Minneronka, MN. Pre l iminary  c h a r c t e r i z a t i o n  s tud i e s  performed a t  USAMRIID inc luded  
t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  of t h r e e  v i r ion  RNA s p e c i e s  from p u r i f i e d  RVF v i r u s  
nucleocapai Ss. The ap a r e n t  MWs of t h  L, M, and S RNA s p e c i e s  were determined t o  
be 2.8 x 10 , 1.8 x 10g, and 0.74 x 10% daltone and each e x h i b i t e d  a unique 
f i n g e r p r i n t  p a t t e r n  by o l igonuc l eo t i de  mapping. 

Mul t ip le  p r epa ra t i ons  of RVF v i r u s  M segment RNA were propagated, p u r i f i e d ,  
analyzed,  s a f e t y  t e s t e d  and s e n t  t o  HCI f o r  f u r t h e r  c h a r a c t e r i z a t i o n  and gene 
c lon ing  experiments.  A l l  RNA p repa ra t i ons  were eafey t e r t e d  by d i r e c t  plaque a s say  
and at tempted propagat ion i n  cell c u l t u r e  as well a8 t h e  i n j e c t i o n  of suck l ing  mice 
and weanling hamsters.  No r e s i d u a l  i n f e c t i v i t y  could be  de t ec t ed  i n  any of t h e s e  
RNA prepara t ions .  

Following a s e r i e s  of pre l iminary  gene cloning experiments  a t  MI, a n ing l e  
c lone  (DNA) c o n s i e t i n g  of 250 base p a i r  was obtained, i n s e r t e d  i n t o  a plasmid 
vec to r ,  propagated i n  b a c t e r i a ,  i s o l a t e d  pur i f ied  and de l i ve red  t o  USAMRIID f o r  
f u r t h e r  a n a l y s i s .  The c lone  possesses  an open reading frame sugges t ing  t h a t  i t  may 
represen t  a po r t i on  of t h e  code f o r  RVF vi rue  envelope g lycopro te in .  The pred i c t ed  
amino ac id  sequence from t h e  c lone  would suggest a pept ide  wi th  both hyd roph i l i c  and 
hydrophobic reg ions ,  adding t o  t h e  p o s s i b i l i t y  t h a t  such a pep t ide  v i l l  be a n t i g e n i c  
and immnogenic. 

The 250 base p a i r  c lone  has  been rad io laba l led  by n ick  t r a n s l a t i o n  and used a s  
a probe i n  RNA h y b r i d i z a t i o n  s t u d i e s .  The cloned probe hybr id ized  s p e c i f i c a l l y  w i th  
M segment RNA from p u r i f i e d  RVf v i r u s  nucleocapeide. Using a CsCl g r ad i en t  
f r a c t i o n a t i o n  method designed t o  p e l l e t  and thereby r e p a r a t a  messenger R N h  from 
v i r i o n  RNAa w i t h i n  i n f e c t e d  c e l l s ,  mul t ip le  v i m 8  r p e c i f i c  RNAa were obtained.  The 
r a d i o l a b e l l e d  DNA from t h e  c lone  c l e a r l y  hybridized t o  a n  RNA spec i e s  i n  t h e  p e l l e t  
t h a t  was s l i g h t l y  sma l l e r  t han  M segawnt RVF vim8 RNA. Theae s t u d i e s  sugges t  t h a t  
t h e  DNA c lone  r e f l e c t s  a8  p o r t l o n  of t h e  gene coding f o r  RVf vf rue  envelope 
p ro t e in s .  Attempts t o  syn thes i ze  t h e  predicted pept ide and t e s t  f o r  immunogenicity 
a r e  i n  progres r .  

The p o t e n t i a l  f o r  succese of t h i s  p ro jec t  is enhanced by t h e  encouraging 
r e e u l t e  ob ta ined  from a s i n g l e  cDNA lcone  i n  these e a r l y  experiments.  I n  a d d i t i o n  
t o  t h e  u l t i m a t e  o b j e c t i v e  of producing RVF vi rus  illnunogenr of p rophy lac t i c  va lue  
us ing  recombinant DNA technology, t h e  u t i l i z a t i o n  of cDNA m a t e r i a l  a s  molecular  
probes is a tremendour a i s d  i n  molecular  cha rc t e r i za t i on  r t u d i e r .  Attempts t o  
ob t a in  longer  clone8 r ep re sen t ing  nore of the  gene a r e  being i n t e n s i f i e d  and 
recombinant DNA technology is belag incorporated i n t o  t h e  USAMRIID l abo ra to ry  
technology base. 

Oligonucleot  i d e  Happing of dengue-l v i r u r  r t rain8 

A p r o j e c t  i n i t i a t e d  at WRAIR and designed t o  eva lua t e  t h e  u t i l i t y  of RNA 
f i n g e r p r i n t i n g  o r  TI oligonucleotide mapping i n  v i r u r  s t r a i n  comparison was 
rruccesrful ly  completed du r ing  t h e  per iod  of t h i r  report .  A rumorery (Table 111) 
c l e a r l y  i l l u r t r a t e s  t h a t  numerouo d e n g u c l  v i ru r  r t r a i n s  can be compared and r e l a t e d  
t o  geographic a r e a s  of v i r u r  i s o l a t i o n .  The88 r t u d i e r  have d e w n o t r a t e d  t h e  u t i l i t y  
of t h i r  method a s  an arr i r t  i n  d e f i n i n g  thu epidemiolog? of dengue i n f ec t fone .  
P l a ~to  inco rpo ra t e  t h i r  c a p a b i l i t y  i n t o  t he  ba t te ry  of w t b ~ d o l o g i e s  a v a i l a b l e  f o r  
d i r e a r e  s u r v e i l l m c e  and i d e n t i f i c a t i o n  are being puroucld by attempting t o  t a k e  
advantage of c o n t r a c t  wchani rmr  . 



C h a r a c t e r i s t i c s  of i n  v i r u s  nuc le ic  a c i d s  

Jonin v i r u s  (JV), t he  e t i o l o g i c  agent of Argentine hemorrhagic f eve r ,  is  a 
h igh ly  v i r u l e n t  menber of t he  Tacaribe complex of Arenaviridae. This v i r u s ,  a s  we l l  
a s  c e r t i a n  o the r  a renavi ruses  (Lassa and Machupo) can cause severe  hemorrhagic 
d i s ea se s  i n  man, however, they a l s o  reac t  i n  s e r o l o g i c a l  t e s t s  with o the r  members of 
t h i s  v i r u s  group t h a t  cause no human d isease  o r  only very mild symptom. Because of 
t he  d i f f i c u l t i e s  a s soc i a t ed  with labora tory  containment,  l i t t l e  molecular 
c h a r a c t e r i z a t i o n  of v i r u l e n t  a renavi rus  s t r a i n s  has been at tempted,  Such 
cha rac t e r i za ion  is important  f o r  determining t he  genome and p r o t e i n  ( an t i gen i c )  

' 
r e l a t i onsh ip8  of v i r u l e n t  and av i ru l en t  f o r  and t h e  d i f f e r ences  i n  r p l i c a t i o n  
s t r a t e g i e s  t he se  v i r u s e s  must assume i n  order  t o  cause t he  wide v a r i a t i o n  i n  
pathogenesis  seen i n  both acu te  and p e r s i s t e n t  i n f ec t i ons .  Unique cor:lainment 
f a c i l i t i e s  a t  USAMRIID havo allowed us t o  begin ana lyses  of s e v e r a l  l abora tory  
a t t enua t ed  and f i e l d  i s o l a t e d  s t r a i n s  of J V  t o  determine nuc l e i c  ac id  
c h a r a c t e r i s t i c s .  

I n  co l l abo ra t i on  with D r .  Kelly McKee, 3 2 ~ - l a b e l e d J V  (XJ44 s t r a t n )  prophgated 
i n  Vero c e l l s  was concentrated by u l t r a c e n t r i g u a t i o n  and p u r i f i e d  by s e q u e n t i a l  
c e n t r i f u g a t i o n  on 20-60% disco;ltinuous sucrose and 15 t o  40% continuous ~ e n c ~ r a f  i nR  
g raed i en t s .  These procedures were experimentai ly  determined o be supe r io r  t o  a 
v a r i e t y  of methods t e s t ed .  I n f e c t i v i t y  t i t c r s  i excess  of 108 PFU/ml co inc ident  
with maximum i s o t o p i c  l a b e l  were observed i n  t he  s i n g l e  o p t i c a l l y  defined v i r u s  
band, As wi th  o the r  a renavi ruses ,  e l ec txophore t i c  ana ly s i s  of heat-denatured J V  
RNks on polyacrylamide o r  agarose g e l s  revealed fou r  d i s t i n c t  RNA spec ies .  Large 
(L, 31D) and smal l  (S, 26s) v t r a l  FLVAa (RvRNAs) were observed along wi th  c e l l u l a r  
28Sand 1RS ribosomal R N A s  Apparenc moA ecu l a r  weights of t he  L and S vRNAs were 
determined t o  be 2.7 x 106 and 1.5 x 10 da l tons ,  respec t ive ly .  The L segment vRNA 
appeared t o  possess  secondary s t r u c t u r e  baoed upon d i f f e r ences  i n  e l e c t r o p h o r e t i c  
migra t ion  observed under denaturing and non-denaturing condi t ions .  Oligonucleotide 
f i n g e r p r i n t  a n a l y s i s  of t h e  two cRNh confirmed t h e i r  uniqueness a s  d i s i n c t  vRNA 
spec ies .  There d id  not appear t o  be any over lap  of the  l a rge  o l i gonuc l eo t i de s  
between t h e  two vRNA s p e c i e s  o r  between the vKNAs and c e l l u a r  RtlAs. Few, i f  any 
s i m i l a r i t i e s  were noted between f i n g e r p r i n t  pa t t ens  of J V  vRNas and thoee repor ted  
f o r  o t h e r  a renavi ruses .  Ongoing RNA and p ro t e in  ana lyses  of o t h e r  JV a t r a i n s  (e.g. 
XJ13, Candid # I  vaccine s t r a i n )  a r e  i n  progress  and should demonstrate t h e  u t i l t i y  
on a biomedical bas i s .  These s t u d i e s  w i l l  eventua l ly  encompass both Lassa and 
Machupo s t r a i n s .  

The biomedical and biophysical  cha rac t e r i za t i on  of v i r a l  agenstr of p o t e n t i a l  
BW importance remains a s  a major ob jec t ive  of t h i s  research,  The development and 
a p p l i c a t i o n  of new technologies  t o  the study of these  sgents  ahould r e s u l t  i n  
improved methods f o r  t he  production of immunogens, de t ec t i on  of an t i gens ,  c o n t r o l  of 
v i r u s  i n f e c t i o n  and lead t o  a more complete understanding of r e p l i c a t i v e  mechanisms 
and pos s ib l e  i n t e r v e n t i o n  f o r  d i sease  cont ro l .  
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TABLE 1. LENGTH OF DISTRIBUTION OF RNA MOLECULES 

Length nm Number of molecu le s  



TABLE I f .  GROWTH OF XTNV AND APPEARANCE OF IF ANTIGEN IN A-549 
AND E-6 CELL CULTURES 

Timc PFU x lo5 IF ht igena  

", no fluoreacent ce l le ;  3 leee than 1 tluorerceot c e l l  per microscope, 
f ie ld;  1+, 30 percent or leee per f i e ld  are fluorescent; 2+, 30-60 percent; 
3+, 60-90 percent; 4+, greater than 90 percent. 
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TABLE 111. SUMMARY OF OLIGONUCLEOTIDE HOMOLOGIES BETWEEN DEN-1 VIRUS STRAINS 

Geographic Group St ra ins  (Year) X Homology 

Carl bbean Jamaica ( ' 77 )  + *Bahamas ( ' 7 7 )  
Jamaica ( ' 77 )  + Jamaica ( ' 8 1 )  

African Nigeria ( ' 68 )  + Nigeria ( ' 7 8 )  79 

Pacific/S.E. Asian Bangkok ( ' 7 4 )  + Bangkok ( ' 7 5 )  100 
N a u r u  No. 1 ( ' 7 4 )  + Nauru No. 2 ( ' 7 4 )  9  1  

&urn No. 2 ( ' 74 )  + Hawaii ( ' 45 )  47 
IIawaii ( ' 4 5 )  + Bangkok ( ' 7 4 )  49 
Bangkok ( ' 74 )  + Nauru No. 2  ( ' 74 )  44 

S r i  Lanka ( '69)  + Hawaii ( '45)  38 
Sri  Lanka ( ' 69 )  + Nauru No. 2  ( ' 74 )  27 
Sr i  Lanka ( ' 69 )  + Bangkok ( ' 7 4 )  21 

Intrageographic Hawaii ( ' 4 5 )  + Jamaica ( ' 77 )  20 
comparieone Hawaii ('45) + Nigeria ( ' 78 )  20 

Bangkok ( ' 74 )  + Jamaica ( ' 77 )  20 
Bangkok ( ' 74 )  + Nigeria ( ' 7 8 )  24 
Nauru No. 2 ( ' 74 )  + Jamaica ( '77)  30 
Nauru No. 2 ('74) + Nigeria ( ' 78 )  30 

Sr i  Lanka ( ' 6 9 )  + Nigeria ('73) 66 
Sr i  Lanka ( ' 69 )  + Nigeria ( ' 68 )  60 
Sr i  Lanka ( ' 69 )  + Jamaica ( ' 7 7 )  59 
Sr i  Lanka ( ' 6 9 )  + Jamaica ( ' 8 1 )  55 
Jamaica ( ' 7 7 )  + Nigeria ( ' 78 )  53 
Jamaica ( '77)  + Nigeria ( ' 68 )  49 

*Plaque-purified l a rge  plaque virus. 
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BODY OF REPORT 

Project  No. 3Ml6llO2BSlO: Mf l . i ta ry  Disease, Injury and Health Hazards (U) 

Work Unit No. S10 AQ 197: Enhancement of Host Defense Against. Agents 
of Po ten t i a l  BW Importance 

Background: 

Threat ana lys i s  s tud ies  by the  U.S. Army Medical In te l l igence  Agency have shown 
t h a t  c e r t a i n  of the  small molecular weight, non-protein toxins  a r e  p o t e n t i a l  biolog- 
i c a l  warfare agents which require  medical defenses t o  protect  our troops. One group 
of small non-protein tox ins ,  t r ichothecenes mycotoxins, have k e n  detected i n  
environmental and b io log ica l  samples i n  areas  of Southeast Asia where tribesmen have 
been exposed t o  "yellow rain" (1,  2). To help i n  the  development of medical defense 
aga ins t  these  toxins ,  i t  was necessary t o  develop a program f o r  s a f e  handling and 
decontamination; rapid detect ion and i d e n t i f i c a t i o n ;  determine the molecular mech- 
anism of ac t ion ;  e luc ida te  pathogenesis and physiological  abe r ra t ions ;  develop 
methods of prevention, diagnosis and therapy; and evaluate  p o t e n t i a l  ae roso l  
t h r e a t .  I n i t i a l  s tud ies  have been l imi ted  t o  evaluat ion of t r ichothecene mycotoxin 
and marine tox ins ,  sax i tox in  and te t rodotoxin .  

A number of high hazard diseases  of BW p o t e n t i a l  dc not  have agent-speci f ic  
vaccines o r  s p e c i f i c  treatments.  To provide some medical defense,  USAMRIID has been 
involved i n  e luc ida t ing  pathophysiology and use of genera l  supporting therapy i n  
model systems which can be of value aga ins t  highly hazardous diseases .  A small  ef -  
f o r t  has continued i n  t h i s  area  under t h i s  work u n i t .  

Progress: 

1 Trichothecene Safe ty  (Dr. R. W. Wannemacher, Jr.). Procedures f o r  s a f e  
handling, decontamination, and s t a b i l i t y  t e s t i n g  of t r ichothecene mycotoxins have 
been studied.  The A! 81 annual repor t  (3)  ind ica ted  t h a t  a SOP requ i res  the  use  of 
su rg ica l  gloves, disposable gown, and eye goggles when handling l i q u i d  samples of 
small  non-protein toxins  and a f u l l  f ace  r e s p i r a t o r  and a hood f o r  powder sanples  of 
toxin .  These regula t ions  have been followed and no laboratory  accidents  have been 
observed i n  the  past  year. I n  addi t ion,  a semi-annual medical follow-up of a l l  lab- 
ora tory  personnel i s  done, which includes complete hematology and c l i n i c a l  chemistry 
evaluat ion.  Since some of these. toxins  may be t e ra togen ic ,  pregnant females a r e  not 
allowed t o  work with them. 

2. Trichothecene Decontamination (Dr. R. W. Wannemacher, J r . ) .  To decontami- 
nate  t h i s  toxin .  the  FY 81 annual repor t  ( 3 )  ind ica ted  t h a t  treatment of t r i cho the -
cene (T-2 mycotoxins) with 2.5% sodi;m hypochlori te so lu t ion  f o r  30 minutes was 
e f f e c t i v e .  When the  cy to tox ic i ty  assay and TLC assay became a v a i l a b l e ,  a d d i t i o n a l  
s t u d i e s  were done t o  evaluate  i n a c t i v a t i o n  of T-2 tox in  with sodium h y p o c h l o r ~ t e .  
In the process,  a d i f f e r e n t  batch of sodium hypochlori te was u t i l i z e d  i n  t h e  
s t u d i e s ,  i n  which a 2.5% so lu t ion  would not completely i n a c t i v e t e  T-2 tox in  i n  16 
hours, a s  measured by mouse l e t h a l  assay,  r a t  and guinea p i g  sk in  t e s t ,  
cy to tox ic i ty ,  or  TLC assay. Differences between 2 l o t s  of sodium hypochlori te could 
not be explained by ava i l ab le  chlor ine ,  which led  t o  another study t o  evaluate  
sodium hypochlori te so lu t ion  made a lka l ine  with sodium hydroxide. A 2.52 sodium 



-- 

hypochlori te  + 0.25 N hydroxide so lu t ion  completely l ~ c t i v a t e d  T-2 toxin  i n  10 ein- 
u t e s  by the  m u s e  l e t h a l  assay, r a t  o r  guinea pig rkin asaay, cy to tox ic i ty  aesay o r  
by TLC analysis .  A J:10 d i l u t i o n  of t h i s  alkaline-hypochlorite so lu t ion  resul ted  i n  
a complete inac t iva t ion  of T-2 toxin  i n  4 hours as measured by the  above assay pro- 
cedures. Based on these observation, a new SOP (15 Jan 1982) recomaended tha t  a l l  
r p i l l s  and nonburnable waste including glassware, syringes, needles, v i a l s ,  e tc .  be 
t r ea ted  with 2.5% sodium, hypochlori te  and 0.25 N sodium hydroxide by standing i n  
the so lu t ion  f o r  4 t o  16 hours. A l l  animal cage8 w i l l  be waohed down with 0.25% 
rodium hypochlori te  plus 0.025 N sodium hyroxide and allowed t o  soak f o r  a t  l e a e t  4 
hour8 before r i n r i n g  with water. In  addit lon,  the alkaline-sadiua hypochlori te  ro-
l u t i o n r  a r e  e f f e c t i v e  i n  neu t ra l i z ing  o ther  trichothecener iac luding 
d i a c e t o x y r c i r p n o l  (DAS) and deoxynivalenol (vomitotoxin). 

In  order t o  f ind  a l e s s  c a u s t i c  procedure for inac t iva t ion  of T-2 toxin  f o r  use 
i n  aerosol  chambers, formaldehyde, hydrogen peroxide, hydrogen peroxide exposed t o  
UV l i g h t ,  and freon-113 plus a c e t i c  acid were evaluated a s  poss ib le  decontamination 
agents. k n e  of these reagents inact iva ted  T-2 toxin as determined by TLC, r a t  and 
guinea pig sk in  t e s t ,  o r  cy to tox ic i ty  asaay. A 0.2% acid (pH 5.2) sodium hypc- 
c h l o r i t e  so lu t ion  was s l i g h t l y  b e t t e r  a s  the  neutral izer  of T-2 toxin  than h y p e  
c h l o r i t e  alone but war not a s  e f f e c i t v e  a s  alkaline-hypochlorite mixture. Topical 
bleach, a mixture of calcium hypochlori te  and a lka l i ,  was 100% e f f e c t i v e  i n  neutral-  
i z i n g  T-2 toxin  i n  30 mlnutes, as was the  currently u t i l i z e d  nerve gas decontami- 
nant, DS-2. To date ,  t he  most e f f e c t i v e  neutral izing agent f o r  decontamination of 
mycotoxinr is alkaline-hypochloti ta  solutions.  Becaure of t h e  rubber s e a l s  and 
p l a r t i c  windwr,  t h i s  agent could not be used i n  the aerosol  P-3 cabinetry i n  Aero- 
biology Division. It was found t h a t  2.5% sodium hypochlorite so lu t ion  made from a 
stock 10 o r  13% sodium hypochlori te  so lu t ion  tha t  has been shown t o  be an e f f e c t i v e  
n e u t r a l i z e r  of T-2 toxin  was a s a t i s f a c t o r y  decontaofnation agent when l e f t  i n  con- 
t a c t  f o r  30 minutes i n  an aerosol  cabinetry. 

I n  general ,  t r ichothecenes a r e  s t a b l e  compouudr which can be kept a t  room temp- 
e r a t u r e  i n  the  dry s t a t e  f o r  a long time. T-2 toxin is s t a b l e  i n  many of the  l i p i d  
solvents  a t  r e f r i g e r a t o r  temperatures f o r  a long time. Preliminary, da ta  suggest 
t h a t  t h i r  toxin may slowly break down i n  water rolvents. T-2 toxin  is not i n a c t i -
vated by autoclaving but i r  completely neutral ized i n  temperatures i n  excess of 500 
degree P. Thus, inc ine ra t ion  (2200 degrees P) of burnable waste from mycotoxin stu-
die8  i r  not only a f e a s i b l e  but recommended precedure i n  t h e  SOP OF 15 January 
1982. T-2 toxin  i r  not neut ra l ized  by W l i g h t  or  extreme high and low pH a t  room 
temperature. So lub i l i ty  of T-2 toxin  i n  water is approximately 0.5 mglml and an 
excesr  of 25 mg/ml i n  propylene g lycol ,  and 250 mg/d i n  methanol. 

3. Trichothecene Detection: 

a)  Skin t e s t  aarayr: (Dr .  R. W. Wsnneucher, Jr.). The backr of r a t e ,  guinea 
pigo o r  r a b b l t r  are shaved and var ied  concentratioar of the  t t l c h o t h ~ c e n e  i n  2 
m i c r o l i t e r  sampler a r e  applied to  t h e  expored rkin. Skinm a r e  evaluated on day 1, 
2, and 3 a f t e r  exporure and scored by technique of Drait e t  a l .  (4). In r a t  and 
guinea pig,  10 ng of T-2 toxin  can be detected with a 50% responle dose (RD ) of 60 
ng. In  con t ras t ,  t he  rabbi t  could de tec t  5 ng of 6 2  toxin with an RD 50 og015 ng, 
which c o n f i r m  e a r l i e r  obrervation of increased sens i t iv i ty  of the  skin  of the 
r abb i t  t o  the  tr ichothecener (5). In rabbi ts ,  detection l i m i t s  f o r  DM was a l s o  5 
ng but war reduced t o  20 ng f o r  HT-2, 50 ng f o r  T-2 t r i o l ,  and 150 ng f o r  T-2 
t e t r a o l .  Thur, a r  the  it group8 of the  trlchothecenor becaar, more maturated with OH 



groups the  e e n e i t i v i t y  f o r  a dermal response was markedly reduced. I n  c o n t r a s t ,  t he  
RDSO f o r  t he  macrocyclic (Verrucarin A and rorodin A) was l e s s  than 2 ng. The s k i n  
t e s t  assay has proven t o  be very useful  f o r  measuring degrees of n e u t r a l i z a t i o n  of 
t he  tox in  by var ious  decontamination agents.  Because of t he  lack  of s p e c i f i c i t y ,  
they a r e  of a l e s s e r  value f o r  de tec t ioa  and i d e n t i f i c a t i o n  of tox ins  i n  
environmental o r  b io log i ca l  samples. 

b) Cyto toxic i ty  assay:  (W. L. Thompson). I n h i b i t i o n  of p ro t e in  syn thes i s  i n  
t i s s u e  c u l t u r e  c e l l s  by T-2 tox in  using labeled amino a c i d s  has proven t o  be a aim- 
p l e ,  r ap id ,  reproducible  and s e n s i t i v e  technique f o r  t ox in  s t ud i e s .  With t h i s  tech- 
nique,  i t  is  pos s ib l e  t o  d e t e c t  3.5 ng of tox in  per  we l l  o r  70 ng per  m 1  of s t a r t i n g  
so lu t i on .  Uhile t h i s  procedure does not have high s p e c i f i c i t y  f o r  a given 
t r ichothecene ,  i t  has proven t o  be an e f f e c t i v e  technique f o r  sc reen ing  decontamin- 
a t i o n  agents ,  s t u d i e s  on neu t r a l i z a t i on  of tox in  a c t i c i t y ,  and mechanisms of ac t ion .  

c )  Thin l aye r  chromatography (TLC): (DR. J .G .  Pace and C. F. Matson). Five 
(5)  microliters of t ox in  so lu t i on  is  applied t o  a s i l i c a  g e l  60 TLC p l a t e  which is 
developed f i r s t  with a  so!vent system of chloroform: e t h y l  a ce t a t e :  e t hano l  
(50:25:25) and a second time i n  the same d i r e c t i o n  with chloroform: e t h y l  
a ce t a t e :  e thanol  (80:lO:lO). The developed TLC p l a t e  is s t a ined  with a  2% 4-P-nit- 
robenzyle (py r id ine )  and read on a ge l  scanner of a Beckman DU-8 spec t rone t e r ,  u t i l -  
i z i n g  white l i g h t .  This procedure w i l l  e f f e c t i v e l y  s epa ra t e  a l l  of t h e  
t r ichothecenes  t h a t  a r e  present ly ava i l ab l e  and has an e f f e c t i v e  d e t e c t i o n  of 0.1 
micrograms per  spot  o r  20 micrograms/ml of s t a r t i n g  so lu t i on .  This technique has 
been u t i l i z e d  e f f e c t i v e l y  f o r  measuring n e u t r a l i z a t i o n  of t h e  t ox in  wlth decontami- 
na t ion  agents ,  d i s t r i b u t i o n  s tud i e s ,  and mechanisms of ac t ion .  

d )  Mycotox system: (MAJ J. O0Brien). The Mycotox System 1s a commercial 
instrument  (Beckman) which u t i l i z e s  i n h i b i t i o n  of b a c t e r i a l  luminescence t o  d e t e c t  
t o x i c  compounds. This  system w i l l  detec: 1 mg/ml of T-2 t ox in  and 1-10 @ / m l  of 
deoxynevelenol (vomitoxin). It is cu r r en t l y  being u t i l i z e d  t o  eva lua t e  t h e  t o x i c i t y  
of crude e x t r a c t s  of Fusarium fungi.  

Gas l i q u i d  chromatography (GLC): (E. C. Hauer). Chromatographic p r o f i l e s  on 
14 t r ichothecene  d e r i v a t i v e s  have been obtained using Varian 760, g l a s s  column, wi th  
FID. A new gaa chromatograph and assoc ia ted  da t a  system have been ordered which is  
designed f o r  a high r e so lu t i on  fused s i l i c a  c a p i l l a r y  columns and e l e c t r o n  cap ture  
detection (ECD). The FID de t ec to r  has a s e n s i t i v i t y  of app rox imte ly  50 cg /  p 1  sam- 
ple .  This  ins t rumenta t ion  is being u t i l i z e d  t o  analyze f o r  parent  t ox in s  and t h e i r  
metabol ic  product6 i n  physiological  f l u i d s  and t i s s u e s  of experimental  animals 
i n tox i ca t ed  with var ious  t r ichothecenes.  Techniques have a l s o  been developed f o r  
e x t r a c t i o n  and cleanup 3f samples fo r  subsequent d e r i v a t i z a t i o t ~  and a n a l y s i s  by 
GLC 

e)  GLC/Mass spectrometry: (E. C. Hauer; Dr. E. P. Burrows, USAMBRDL; D r .  C. 
S. Uirocha, Univers i ty  of Minnesota). GLC/MS p r o f i l e s  have been obtained under a 
con t r ac t  wi th  USAMBRDL on 9 TFA and 6 TMS d e r i v a t i v e s  of t r i chothecene  re fe rence  
samples by e l e c t r o n  Loni ta t ion  mode. P ro f i l e8  were t r a n s f e r r e d  t o  t he  s ea r ch  
l i b r a r y .  Seven TF4 d e r i v a t i v e s  of the  t richothecene ref erenca samples have been 



analyzed by chemical i o n i z a t i o n  (CI) mode i n  t he  range of 200 t o  800 AM'. The CI 
s p e c t e r  have not  been placed i n  t h e  l i b r a r y  a s  yet because of pressure-dependent 
r e l a t i v e  i on  i n t e n s i t y  v a r i a t i o n s .  When the  C I  spec t r a l  a n a l y s i s  is opt imized,  
t he se  and o t h e r  s p e c t r a  w i l l  be added t o  the  l ib ra ry  f o r  automated i d e n t i f i c a t i o n  of 
unknowns. Also, under t h i s  c o n t r a c t ,  analyses  vere made of 26 r e sea rch  samples ex- 
pected t o  con t a in  T-2, an isomer, o r  HT-2. The majority of t he se  were e x t r a c t s  of 
t h e  TLC p l a t e  sc rap ings .  Five samples of T-2 incubated wi th  g lu t a th ione  were ana l -
yzed by d i r e c t  i n l e t  probe. Access v i a  APL t o  FDA mycotoxin mas8 s p e c t r a  f i l e  is  
now a v a i l a b l e  through t h e  USAMBRDL/FDA interagency agrepaent us ing  t h e  t e l e t r o n i c s  
t e r a i n a l  i n  Bldg. 524. Under a c o n t r a c t  with Dr. Mirocha wi th  t h e  Univers i ty  of 
Minnesota a mass s p e c t r a l  l i b r a r y  of t r ichothecenes from a n a l y s i s  i n  h i s  l abo ra to ry  
and t h a t  of FDA is c u r r e n t l y  being developed for  use on t h e  Hewlet-Packard 7396. 
Thic ins t rumenta t ion  i r l  i d e n t i c a l  t o  t h e  one u t i l i z ed  by Dr. Burrows a t  USAML!?DL and 
a d i s c  conta in ing  75 s p e c t r a  i n  t h e  l i b r a r y  w i l l  be t ransmi t ted  t o  USAMRIID t o  be 
added t o  t he  mass spec l i b r a r y .  I n  add i t i on ,  sof tuare have been w r i t t e n  t o  a l low 
t ransmiss ion  of d a t a  from t e rmina l s  on t he  instrulsent a t  USAMBRAL t o  t h a t  of D r .  
Mirocha's. Thus, c ross -ana lys i s  of t h e  sample can be done-via te lephone communica- 
t i o n s  between t h e  2 l a b o r a t o r i e s .  D r .  Mirocha has a cont inu ing  e f f o r t  t o  i n c r e a s e  
t h e  t r i cho thecene  l i b r a r y  by ob t a in ing  s tandards  of Fusarium tox ins  from au tho r s  
throughout t h e  world and t o  e s t a b l i s h  co l labora t ion  wi th  I s r a e l i  s c i e n t i s t s  i n  an  
e f f o r t  t o  o b t a i n  t ox in s  Prom Fusarium i s o l a t e s  or ig ina t ing  i n  East  Europe. 

f )  Irmaunoassays: (MAJ P. A. Fontelo;  Dr. P. S. Chu, Un ive r l i t y  of 
Wisconsin; D r  K. Hunter, USUHS). Dr .  Chu has eyathesized T-2 hemisuccinate-BSA 
haptenes which w i l l  s t i m u l a t e  s p e c i f i c  an t ibodies  i n  r abb i t s .  Ant i se ra  produced i n  
r a b b i t s  has been u t i l i z e d  t o  develop radioimmunoassays f o r  t h e  d e t e c t i o n  and quant i -  
t s t i o n  of T-2 tox in .  The assay  i s  a competitive i n h i b i t i o n  assay  us ing  3 ~ - l a b e l e d  
T-2 tox in .  I n i . i a l l y ,  t h e  optimum ant ibody t i t e r  was determined by s e r i a l  d i l u t i o n s  
and adding t r a c e  amounts of r ad io l abe l ed  T-2. Antibody d i l u t i o n  t h a t  r e s u l t  i n  a 
50Z binding of t r a c e r  was taken a s  an opt imal  t i t e r  and was used i n  subsequent 
assays.  This  ant ibody t i t e r  determined t o  be a I:10 d i l u t i o n .  Although extremely 
low i n  t i t e r ,  t h i s  is  not i n c o n s i s t e n t ,  s i nce  assays can be developed wi th  low t i t e r  
an t i bod i e s  s o  long a s  t h e i r  a f f i n i t y  constan a a r a  adequate. For t h i s  an t ibody ,  t h e  
af f  i n i t y  cons tan t  was shown t o  be 1.75 x 10'' L/mle.  The range of de t ec t i on  is 
between 1 and . T  ng/ml. Cross r e a c t i o n  s t u d i e s  using o t h e r  t r i cho thecenes  
mycotoxins showed s i g n i f i c a n t  c ro s s  r eac t i on  with HT-2, 10.221, while DAS and T-2 
t r i o 1  exh ib i t ed  a c rose- reac t ion  of 0.1%. Other t r ichothecene  t e s t e d ,  T-2 t e t r a o l ,  
Verucarol ,  vomitotoxin, Ver rucar in  A and ro r id in  A d id  not show s i g n i f i c a n t  cross-
r e a c t i v i t y .  The i n t o r a s s a y  v a r i a t i o n  of coef f ic ien t  is 9%. Bio logica l  samples such 
a s  vhole blood, serum, u r i n e  and o t h e r  specfmene from decontamination pro tocol8  gen- 
e r a t e d  by o t h e r  r e sea rch  u n i t s  i n  t h i s  d i v i s i o n  have been analysed.  Decis ions and 
d a t a  i n t e r p r e t a t i o n  have been based on t he  r e su l t s  of t he  assay.  Slood and u r i n e  
samples from Southeast  Asia have been processed and t e s t e d  us ing  R I A  procedure. The 
t e a t  has been I n  rou t i ne  use f o r  s e v e r a l  months. 

Using t h e  sams ant ibody an  enzyme im~a;lnoasaay (ISLISA), has  been developed t o  
d e t e c t  T-2 tox in .  The ant ibody i n  opt imal  d i lu t ion  is bound t o  26 w e l l s  po lyvinyl  
m i c r o t i t e r  p l a t e s  overnight .  Peroxidase conjugated t o  T-2 hemisuccinate  is made f o r  
t h e  ant ibody competing s i t e s  wi th  standard-T-2 o r  unkno~n serum o r  ur inu.  The 
amount of bound T-2 peroxidase is r eve r se ly  proportional t o  the  concen t r a r i n  of 
s t anda rds  o r  unknown. Serum and u r ine  samples with T-2 t o x i n  added have been 
examined. Standard i n h i b i t i o n  curve is somevhat f l a t  v i t h  a r a t h e r  h igh  
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background c o l o r  t h a t  cannot  be reduced f u r t h e r .  Th i s  makes e x a c t  q u a n t i t a t i o n  t o  
unknowns d i f f i c u l t .  Although ELISA is about. 8-10 t imes  more s e n s i t i v e  than  t h e  R I A ,  
poor r e p r o d u c i b i l i t y  and high c o e f f i c i e n t  of v a r i a t i o n  makes t h e  t e s t  u n s u i t a b l e  f o r  
e x a c t  q u a n t i t a t i o n ;  however, i t  can s t i l l  be used a s  a  q u a l i t a t i v e  o r  semi-
q u a n t i t a t i v e  t e s t  f o r  f i n a l  q u a n t i t a t i o n  done by R I A .  

Dr. Chu is c o n t i n u i n g  t o  develop hap tenes  a g a i n s t  o t h e r  t r i c h o t h e c e n e s  inc lud-  
i n g  vomltotoxin  and DAS. These r e a g e n t s  a r e  c u r r e n t l y  being e v a l u a t e d  f o r  immuno- 
g e n i c i t y  i n  t h e  r a b b i t s .  I n  a d d i t i o n ,  h s  is a t t e m p t i n g  t o  make d i f f e r e n t  molar 
r a t i o r  of t o x i n  t o  c a r r i e r  p r o t e i n ,  a s  w e l l  a s  va ry ing  procedures  f o r  coup l ing  t h e  
t o x i n  d e r i v a t i v e s  t o  c a r r i e r  p r o t e i n .  Besides  bovine serum albumin, he  i a  a l s o  
e v a l u a t i n g  t h e  u s e  of po ly lyc ine  and t h y r o g l o b u l i n  a s  p o s s i b l e  c a r r i e r  p r o t e i n s .  It 
i s  hoped t h a t  by v a r y i n g  t h e  molar r a t i o s ,  types  of l inkage  p r o t e i n ,  and p r o t e i n  
c a r r i e r  and he  can come up with a haptene t h a t  i s  more a n t i g e n i c  than  t h e  one cur-
r e n t l y  being u t i l i z e d .  Dr. Chu i s  a l s o  working on a  new i n d i r e c t  ELISA f o r  monitor-  
i n g  an t ibody  t i t e r s  a g a i n s t  mycotoxin and f o r  mycotoxin a n a l y s i s .  S p e c i f i c a l l y ,  he 
c o a t s  t h e  p l a t e s  w i t h  a mycotoxin-polylytine con juga te  t o  which t h e  T-2 s p e c i f i c  
an t ibody  binds .  T h i s  is then :eacted w i t h  a second an t ibody ,  t o  which an enzyme is  
con juga ted .  The amount of goat a n t i - r a b b i t  Ig-peroxidase bound t o  t h e  r a b b i t  I p  was 
subsequen t ly  determined by r e a c t i o n  w i t h  a  chromogenic s u b s t r a t e .  F ree  T-2 w i l l  
d i s p l a c e  t h e  an t ibody  from binding t o  t h e  s o l i d  phase t h u s  a l lowing  f o r  an a s s a y  f o r  
T-2 c o n c e n t r a t i o n .  Although t h e  i n d i r e c t  ELISA is very s e n s i t i v e  f o r  moni to r ing  a  
s m a l l  amount of an t ibody  p resen t  and a l s o  r e q u i r e s  l e s s  an t ibody  f o r  a n a l y s i s  of 
mycotoxins,  t h e r e  a r e  s t i l l  some problems a s s o c i a t e d  wi th  t h i s  technique.  

Because only  low t i t e r  a n t i b o d i e s  have been produced wi th  e x t e n s i v e  dmmuni- 
z a t i o n  i n  r a b b i t s ,  a t t e m p t s  were made OD t h e  c o n t r a c t  wi th  Dr. Hunter t o  produce a 
monoclonal an t ibody .  To d a t e  he has  made 7 f u s i o n s  fo l lowing  immunization of mice 
w i t h  t h e  T-2 hap tene  t o  BSA, whi le  some c l o n e s  have produced a n  an t ibody  t h a t  w i l l  
bind t o  hemocyanine-T-2 hemisuccinate ,  t h e  a n t i b o a y  is no t  d i s p l a c e d  w i t h  frec.  T- 
2. Dr. H m t e r  b e l i e v e s  t h a t  p a r t  of t h e  problem i s  r e l a t e d  t o  t h e  f a c t  t h a t  T-2 
t o x i n  is imraunosuppressive, He w i l l  be e v s l u a t i n g  o t h e r  hap tenes  made wi th  l e s s  
t o x i c  t r i c h o t h e c e n e s .  

4. Tr i cho thecene  Tox ic i ty  -and Pathophysiology: (Dr. H. A. Neufeld,  
Dr. R. W. Wannemacher, Jr., LTC D. L. Bunner, CPT G. Parker ,  CPT L. Brennecke, LTC 
H. C o s g r i f f ) .  

a )  House model: The LD f o r  a eubcutaneous i n j e c t i o n  of T-2 t o x i n  i n  d c e  
was 2.01 . g l k g  body weight  w i i s  95X conf idence  l i m i t  of 1.63- 2.3 mg/kg. The mice 
d i e d  between 12 and 24 hours  and n e c r o p s i e s  i n d i c a t e d  moderate t o  s e v e r e  n e c r o s i s  of 
lymphoid and e p i t h e l i a l  t i s s u e  of smal l  and l a r g e  i n t e s t i n e s  and bone marrow, a s  
w e l l  ad lymphoid c e l l s  from lymph nodes, thymus, lung and l i v e r .  T h i s  mouse model 
h a s  been u t i l i z e d  mainly t o  r tudy n e u t r a l i z a t i o n  of T-2 t o x i n  by v a r i o u s  agen te  and 
f o r  s c r e e n i n g  of p o s s i b l e  t h e r a p e u t i c  aken ta  f o r  t r ea tment  of t r i c h o t h e c e n e  i n t o x i -
c a t i o n .  The LD f o r  vomitotoxin  by I P  r o u t e  was 43.5 m4, w i t h  a 95% conf idence  *.-.- l i m i t  of 24.9-63.3 mg and by subcutaneou. r o u t e  was 44.7 n g A g ,  v i t h  95% confidenceKC: l i m i t  of 29.8-58.9 mglkg; The m a j o r i t y  of t h e  laice d ied  between 8  and 24 hours  and 
necropsy d a t a  s u g g e s t  mt ld  t o  severe  nec rosds  of sp leen ,  lymph nodes and 



g a s t r o i n t e s t i n a l  t r a c t .  Di f fuse  n e c r o s i s  was noted i n  t he  bone marrow and a i l d  wit-
i f o c a l  conges t ion  was noted i n  l i v e r  and kidney. While the  h i s t opa tho log i ca l  
l e ~ i o n e  produced by T-2 and vomitotoxin was s imi l a r ,  t he  l e t h a l  t o x i c i t y  of vomito-
tox in  was only 1/20th of t h a t  of T-2 t ax in .  In pigs ,  vomitotoxin was repor ted  t o  
have an emetic  a c t i v i t y  of 0.05 mg/kg. Since rodents do not e x h i b i t  emetic  
a c t i v i t y ,  it w i l l  be necessary t o  s tudy  t h i s  tox in  i n  a spec i e s  which is capable of 
emesis . 

b) Rat arodel: Subcutaneously, i n t r a a e c u l a r l y ,  o r  appl ied  i n t r a n a s a l l y ,  t h e  
LDSO f o r  T-2 war approximately 0.5 mg/'kg. f o r  T-2 war 1.0, 1.8, and 2.2 
r e s p e c t i v e l y  when g iven  v i a  in t ravenous ,  o r a l ,  o rIhe LD?! n t r ape r i t onea l  rou tes .  With t h e  
except ion  af t h e  o r a l  r o u t e ,  t h e  r a t r  d i ed  i n  10-24 hourr a f t e r  exporure. When 
g iven  o r a l l y ,  t h e  ratr d ied  up t o  72 hours  portexposure. When appl ied  t o  t h e  s k i n  
i n  methanol, t h e  LD was 8.65 mglkg with dea ths  up t o  7 days pos t rpp l i ca t i on .  When 
T-2 t o x i n  was d i a s o ~ ! e d  i n  WSO, t h e  t o x i c i t y  was approximately 1.5 %/kg i n  24 
hours.  Thua, t he  rou t e  of admin i s t r a t i on  a s  well a s  the  veh i c l e  u t i l i z e d  f o r  
apply ing  t ox in  t o  t h e  s k i n  can i n f luence  t o x i c i t y .  With t he  except ion of t h e  app l i -  
c a t i o n  of t o x i n  t o  t h e  s k i n  i n  m e t h a n ~ l ,  t h e  hietopathology was r i m i l a r  t o  t h e  o t h e r  
rou t e s  of admin i s t r a t i on ,  cha rac t e r i zed  by a necrosis  and dep l e t i on  of lymphoid tis-
sues  of small and l a r g e  i n t e s t i n e s ,  lucg ,  spleen,  lymph nodes, bone marrow. In  add-
i t i o n ,  t h e r e  was s eve re  nec ros i s  and dep l e t i on  of the mcosa  of t h e  smal l  and l a r g e  
i n t e s t i n e .  The r a t s  developed s eve re  hypothernia  with a nad i r  a t  6 houre; i n  
survivir.g r a t e ,  body temperature became normal by 24 hours. I n i t i a l l y ,  t h e  r a t s  
tend t o  hump up and remain t h a t  way f o r  a long period of time v i t h  i i t t l e  
movement. In  most ourv ivors  t h e r e  was d i a r rhea  and revere anorex ia  f o r  3-4 days  
pos t txposure .  

Regardless  of t h e  rou t e  of admin i s t r a t i on ,  T-2 tox in  had no d i s c e r n i b l e  e f f e c t  
on hemoglobin, red c e l l  count ,  hematocr i t  o r  mean cell volume. Lymphocytosis was 
observed by 3 houre pos t inocula t ion .  Rises  i n  neutrophi l  populat ion ware a l s o  
observed by 3 hours  pos t i nocu l a t i on ,  and counts  remained e l eva t ed  t o  24 hours. 
Blood lymphocytes counts  were i n i t i a l l y  e l eva t ed  and then t i ~ c r e a s e d  t o  below c o n t r o l  
va luer  a t  16 and 24 hours  postexposure. P l a t e l e t  counts were depressed between 1 8  
and 48 hours  pos t inocula t ion .  

One microgram of T-2 war requi red  t o  produce a mild cornea l  i n j u r y  and d i f f u s e  
s t a i n i n g  wi th  f l u o r e s c e i n  dye i n  t h e  eye of the  r a t .  Haximum e f f e c t  was observed 24 
hours  a f t e r  a p p l i c a t i o n  of t ox in  and was resolved by day 3. 

c )  Guinea p ig  model: T-2 mycotoxin r e su l t ed  i n  a LD of 1.04 =/kg body 
weight ,  wi th  95% confidence limits of 083-1.19 mg/kg. ~ h e ~ ! i f f e r e n c e  batween t h e  
minimum e f f e c t i v e  dose and t h e  LD was saull. C l in i ca l  s i g n s  of i n t o x i c a t i o n  
i nc lude  h y p o t h e r i a ,  ascending pa!!gysla, anorexia  and weight loo.. By 1 hour post-
i n o c u l a t i o n  of T-2 t o x i n ,  mild lymphoid n e c r o r i s  war observed i n  t h e  small and l a r g e  
i n t e r t i n e .  H i r t opa tho log i ce l  l e s i o n s  became more--revere v i t h  tiw, reaching a max-
inu a t  approximately 12 hours ,  which included revere a x r o r i s  and dep l e t i on  of 
lymphoid t i r s u e  of sp leen ,  lungs,  lysph nodes, and i n t e s t i n e ;  . - e c ros i r  of e p i t h e l i a l  
t i r r u e ' o f  smal l  and l a r g e  i n t e s t i n e ;  dep l e t i on  of bone marrow; mild nec ros i s  of t h e  
l i v e r ,  h e a r t ,  kidney and ad rena l  cor tex .  



Hematological changes a r e  charac te r ized  by increase  i n  RBC, HGB, and HTC dur ing  
t h e  f i r s t  24 hours  postexposure;  appearance of r e t i c u l o c y t e s  dur ing  t h e  f i r s t  12 
hours;  e l e v a t i o n  i n  UBC, PMN, and lymphocyte f o r  the  f i r s t  12 hours followed by de- 
c r ea se  i n  lymphocytes through 72 hours; and a s l i g h t  decrease i n  p l c t e l e t s  a t  6 
hours.  

I n i t i a l  s t u d i e s  on t h e  e f f e c t  of T-2 tox in  i n  Hart ley s t r a i n  guinea pigs  e s t a -
bl ibhed t h a t  t h e  t o x i n  produced a marked coagulopathy. Within hours of t ox in  admin- 
i a t r a t i o n ,  t he  l e v e l  of c l o t t i n g  f a c t o r s  begins t o  dec l i ne  with t he  lowest l e v e l s  
reached on day 2  wi th  r e t u r n  toward norldal va lues  on day 3. While t h e  t ox in  does 
no t  produce thrombocytopenia, i t  does lead t o  markedly impaired p l a t e l e t  funct ion.  

Biochemical a l t e r a t i o n s  include:  e l eva t i on  i n  serum glucose,  blood urea  
n i t r ogen ,  u r i c  ac id ,  c r e a t i - h e ,  t r i g l y c e r i d e s ,  potassium, phosphorus, copper, SGPT, 
SCOT, LDH, a l k a l i n e  p h o s p h a t a ~ e ,  5' nuclosidase,  CPK, hemolase, and f r e e  m i n o  
a c i d s ;  and decrease  i n  t o t a l  p ro t e in ,  albumin, calcium, magnesium, z inc  and i ron.  

From these  observa t ions ,  i t  is apparent t h a t  T-2 t ox in  causes marked destruc-  
t i o n  and dep l e t i on  of r ap id ly  d iv id ing  c e l l s  of the  hos t ,  coagula t ion  abnormal i t i es ,  
a l t e r a t i o n s  i n  many metabol ic  pathways, and decreases  i n  p r o t e i n  syn thes i s  i n  c e l l -  
u l a r  p r o l i f s r a t i o n .  A l l  t h e se  e f f e c t s  could lead  t o  a  shock-like syndrome, which 
could be c e n t r a l l y  mediated and may be the eventua l  t au se  of death.  I f  guinea p ig s  
su rv ive  f o r  24 hours ,  they w i l l  almost completely recover from t h e  i n t o x i c a t i o n  i n  7 
days. 

d )  Rabbit model: The r abb i t  has  k e n  u t i l i z e d  t o  measure T-2 t o x i c i t y  when 
appl ied  t o  t he  eye. Two micrograms of T-2 t ox in  were requi red  t o  produce mild 
co rnea l  i n j u r y  i n  t h e  r abb i t .  When l a r g e r  doses up t o  200 micrograms per  eye were 
u t i l i z e d ,  severe  cornea l  damage was observed which was cha rac t e r i zed  by dep l e t i on  of 
some of t he  c e l l  l a y e r s  of the  cornea and underlying f i b r o u s  t i s s u e .  Addit ional  
a t u d i e s  w i l l  be requi red  i n  t h i s  spec i e s  t o  determine f u l l  e f f e c t s  of T-2 t ox in  oil 
cornea and whether o r  not  t h i s  process i s  a r eve r s ib l e  phenomenon. 

5 Trichothecene D i s t r i b u t i o n  =Mechani?m of Action: 

a )  D i s t r i b u t i o n  s tud i e s :  (Dr. J. C. Pace, Dr. R. W. Wannemacher, Jr.; C. J. 
Hirocha, Univers i ty  of Minnesota). In order  t o  s tudy t h e  r a t e  of metabolism and 
t i s s u e  d i s t r i b u t i o n  of T-2 t ox in ,  guinea pigs  i n  held metabol ic  cages were i n j e c t e d  
In with an LD5 dose of l abe l ed  tox in .  Blood was co l l ec t ed  a t  O., 3, 6, 12, 24, 48, 
72,  168, 336, 872 hours a f t e r  i n j e c t i o n .  Plasma was analyzed f o r  r a d i o a c t i v i t y  and 
concent ra t ion  curve was used t o  determine b io log i ca l  "half l i f e " .  The ha l f  time 
absorp t ion  of T-2 t ox in  t o  t h e  blood is  approximately 6 minutes. However, t he  ha l f  
time of e l im ina t i on  from t h e  blood appears t o  be biphasic .  A f i r s t  ( e a r l y )  ha l f  
time was 1.8 hours  and a second extended e l imina t ion  phase had a ha l f  l i f e  of 49.5 
hours. This  may account f o r  Hirocha's a b i l i t y  t o  d e t e c t  trace l e v e l s  of T-2 t ox in  
r e t a b o l i t i e s  i n  t h e  blood of "yellow rain" v ic t ims  18 days a f t e r  t he  a c t u a l  a t t a c k  
(2).  

Af t e r  IN i n j e c t i o n ,  T-2 t ox in  is rap id ly  e l imina ted  i n t o  t h e  f ece s  and u r ine  
wi th  a r a t i o  of 1.16 a t  24 hours.  The a c t u a l  amount of T-2 vs. o t h e r  metabol i tes  
appearing i n  t h e  e l im ina t i on  procevs has not been drtermined. By day 3, 50% of t he  
t o t a l  i n j e c t e d  r a d i o a c t i v i t y  had been l o s t  v i a  t he  u r ine  and feces .  Tissue d i s t r i -  
bu t ion  s t u d i e s  a r e  s t i l l  i n  p r o g r e ~ s .  It has been determined t h a t  T-2 



-- 

d i s t r i b u t i o n  i n  l i v e r ,  lung, sp l een ,  and adrena l  was 1.5%, 0.352, .07%, .02% of 
t o t a l  radioactivity, respectii .el .y,  30 minutes a f t e r  administrat ion.  By 30 minutes  
32 of t o t a l  r a d i o a c t i v i t y  appears  i n  t he  b i l e .  T-2 t r i o 1  was one of t h e  me tabo l i t e s  
i d e n t i f i e d  by TLC i n  t he  b i l e  sample. 

Prel iminary s t u d i e s  have been performed t o  determine t h e  s u b c e l l u l a r  d s t r i b u -  
t i o n  of T-2 t ox in  i n  l i v e r .  I s o l a t e d  r a t  l i v e r  was perfused i n  v i t r o  w i t h  4H T-2 
t ox in  f o r  5, 15, 30, 60, and 120 minutes. The l i v e r s  were homogenized and f r ac -  
t i ona t ed  on a d iscont inuous  P e r c o l l  d e n s i t y  grad ien t  (6). G t e r  2 hours  of 
pe r fu s ion  wi th  T-2 tox in ,  43% of l a b e l  was assoc ia ted  with t h e  endoplasmic 
ret iculum, and 4, 8, and 4% 68 a s s o c i a t e d  with t h e  plasma membrane, lysosome, and 
r i t o c h o n d r i a  r i c h  f r a c t i o n e ,  r e spec t i ve ly .  Only 1-2% war found i n  t h e  nuc lear  
f r a c t i o n  arad t h e  remaining 40% was cy to so l i c .  

A t  t h e  Univers i ty  of Minnesota, an e f f o r t  has been i n i t i a t e d  t o  o b t a i n  su f f -  
i c i e n t  metabol ic  products  of T-2 t ox in ,  and t h e  TC-6, TC-3, and TC-1. A f t e r  
d e l i b e r a t i o n  on methodology, i t  was decided t o  use the cow because of t h e  volume of 
u r i n e  and f e c e s  genera ted  per  u n i t  time. It is hoped s u f f i c i e n t  q u a n t i t i e s  of t h e  
above me tabo l i t i e e  w i l i  be ob ta ined  i n  o rde r  t o  iden t i fy  t he  products.  Once t h e s e  
m e t a b o l i t i e s  have been i d e n t i f i e d  and charac te r ized ,  they w i l l  be incorpora ted  i n t o  
t h e  mass/spectrometry l i b r a r y .  

The c w  w i l l  a l s o  s e r v e  a s  a model t o  s tudy k ine t i c s  of T-2 t o x i n  metabolism. 
Pn i u p o r t a n t  f a c e t  of t h i s  s t udy  is t h e  k i n e t i c  response of T-2 metabolism a s  
w a i t o r e d  i n  t h e  blood of a cow. It is planned t o  study t h e  r e s idue  of T-2, namely 
HT-2 and T-2 t e t r a 0 1  i n  o r d e r  t o  determine t he  ha l f  l i f e  of T-2 t o x i n  when 
ingeeted.  The primary o b j e c t i v e  is t o  determine whether exposure of i n d i v i d u a l s  t o  
T-2 t ox in  can be de t ec t ed  by ana lyz ing  blood f o r  t race  residues.  Trace amounts of 
T-2 t o x i n  and i ts  m e t a b o l i t i e s  have been de tec ted  i n  whole blood of v i c t ims  exposed 
t o  "yellow ra in"  i n  Southeast  Asia (2). These k i n e t i c  s t u d i e s  w i l l  be p e r t i n e n t  i n  
t h e  above f ind ing?  and t h e  cont roversy  t h a t  e x i s t s  i n  determinat ion of t h e  h a l f - l i f e  
of T-2 nycotoxin. P r i n c i p l e s  uncovered i n  t h i s  study v i l l  a i d  i n  des ign ing  similar 
e f f o r t s  involv ing  t h e  meta'uolism of diacetoxyscirpenol .  

b) Mechanism of ac t i on :  (Dr. J. G. Pace, W. L. Thompson, 
D r .  J. Middlebrook, MAJ J. O'Brien, D r .  L. C. Se l l i n ) .  In v i t r o  and i n  v ivo  s t u d i e s  
have r h o m  t h a t  T-2 t o x i n  impai rs  energy product ion a t  the c e l l u l a r  l e v e l .  S i t e  of 
i n h i b i t i o n  ha8 k e n  i d e n t i f i e d  a s  s i t e  I of t he  e lec t ron  t r anspo r t  chain.  Many 
to xi^ a r e  d e t o x i f i e d  by r e a c t i o n s  involv ing  glutathione.  It is important  t o  s t udy  
p l a s m ,  b i l i a r y ,  m d  t i r s u e  l e v e l s  of g lu t a th ione  conjugater. Spectrophotometr ic  
assay  ham been developed a t  USAMRIID and plaama and b i l e  l e v e l r  a r e  being d e t e c t e d  
i n  rats expored t o  T-2 tox in .  I n  t h e  i s o l a t e d  perfused l i v e r  system, b i l i a r y  g lu ta -  
t h ione  remains cons tan t  over  1 hours  per fus ion  t i m a  when perfused ( r e c i r c u l a t i n g  
ryr tem) wl th  an  LD dose  of l abe l ed  T-2 toxin.  F i f t y  percent of t h e  l a b e l  18 taken  
up by the liver inS% mlnutes. I n  t h e  mame time f r a u ,  50% of t h e  l a b e l  t h a t  was 
taken  up by t h e  l i v e r  is exc re t ed  i n t o  t h e  b i l e .  Bile #ampler were analyzed by TLC 
and biorcan r a d i o i r o t o p i c  scaning. The r c t a b o l i t i e o  were i d e n t i f i e d  as HT-2, and T-
2 t e t r a 0 1  and 3-4 more p o l a r  unknown metabol i tes .  In a non- rec i rcu la t ing  pe r fu s ion  
ryr tem t h e  uptake of T-2 t o x i n  i r  l i n e a r  wi th  time a t  50%of t h e  t o x i n  i e  removed on 
each par rage  from 5-60 minutes. I n  t h e  perfuoian system T-2 t o x i n  does not appear  
to  be bound t o  plarma albumin but re-mins with t h e  perfurate  bu f f e r  on passage 
through a 0 2 5  column. 



The e f f e c t  of T-2 mycotoxin on t he  v f a b i l i t y  of Vero c e l l s  was s t ud i ed  u s ing  
t rypan blue excusion and p l a t i n g  e f f i c i ency  s tud i e s .  With up t o  3 logs  over  t h e  
LD5* f o r  p ro t e in  syn thes i s  i n h i b i t i o n  and 1 hour exposure t o  t he  tox in ,  t h e  c e l l s  
shbwed no d i f f e r e n c e  from con t ro l s  i n  e i t h e r  t rypsn  blue exc lus ion  o r  p l a t i n g  e f f -  
i c iency .  Although t h e  p ro t e in  synthesib was supressed a t  t he  time of removal of t he  
t ox in ,  recovery of t h e  p ro t e in  syn the t i c  c b d l i t y  of t h e  c e l l s  took place wi th  
time. Also, p ro t e in  syn thes i s  i n  repeated c e l l s  24 hours  a f t e r  tox in  exposure was 
suppressed only i n  c e l l s  exposed t o  very high doses of T-2 t ox in  (25 pg/ml). A l l  
t h i s  information i n d i c a t e s  t ha t  a t  c e l l u l a r  l e v e l  T-2 t ox in  caused a teynporary shut- 
down of some metabol ic  func t ions  but not permanent damage. 

Nine d i f f e r e n t  t r i chothecenes  having t he  same b a s i c  s t r u c t u r e ,  but d i f f e r i n g  i n  
s l i d e  group attachment a t  5 d i f f e r e n t  l oca t i ons  on t he  r i n g  s t r u c t u r e  were t e s t e d  
f o r  t h e i r  r e l a t i v e  l e v e l s  of p ro te in  synthes i s  i n h i b i t i o n  i n  Vero c e l l s .  Based on 
these  r e s u l t s  from s t r u c t u r e  of var ious d e r i v a t i v e s ,  t he  ex i s t ence  of a s i d e  group 
on carbon 15 i s  of major importance In t h e  t o x i c i t y  of t h e  molecule while  p o s i t i o n  3 
is a l s o ,  but t o  a l e s g e r  degree,  important.  I f ,  a s  i t  i e  thought,  a l l  these  der iv-  
a t i v e s  bind equa l ly  we l l ,  the  ex is tence  of t he  s i d e  cha ins  a t  s t r a t e g i c  l oca t i ons  is 
probably necessary *r, i n t e r f e r e  with some pa r t  of t he  t r a n s l a t i o n a l  process .  

Using 3 ~ - l e u c i n e  a s  marker, c e l l  cu l t u r e  s t u d i e s  have shown t h a t  t h e r e  is an 
o v e r a l l  suppression of amino ac id  uptake 1C t o  15 minutes a f t e r  add i t i on  of a h igh  
dose of T-2 tox in .  A t  t he  same time, amino ac id  incorpora t ion  t o  TCA p e r c i p i t a b l e  
f r a c t i o n  is completely shut  down allowing f o r  a  buildup, over con t ro l  l e v e l s ,  of 
l abe l ed  l euc ine  i n  t h e  TCA so luble  f rac t ion .  A s i m i l a r  p a t t e r n  i a  noted with DAN 
r e p l i c a t i o n  p recu r so r s  us ing  H3 thy id ine ,  except  t h a t  a buildup i n  t h e  s o l u b l e  
f r a c t i o n  occurs  i n  response t o  T-2 toxin. 

Labeled T-2 t ox in  is taken up rap id ly  by Vera c e l l s ,  t h e  r a t e  and quan t i t y  
bdund a t  equ i l i b r i um is d i r e c t l y  propor t iona l  t o  t h e  concent ra t ion  of t o x i n  added. 
Although the  TCA p r e c i p i t a b l e  f r a c t i o n  is  a l s o  dependent on concent ra t ion  f o r  t h e  
amount bor~~ldper  u n i t  of t ime,  t he  amount of t ox in  bound, p a r t i c u l a r l y  i n  lower con-
c e n t r a t i o n s  of l abe led  T-2, begins t o  l e v e l  o f f  a t  30-40 minutes a f t e r  exposure. 
Only about 1% of t he  t o t a l  r ad ioac t i v i t y  i s  found i n  t he  TCA p r e c i p i t a b l e  f r a c t i o n .  

Pdlease of l abe led  T-2 t ox in  from the  t o t a l  TCA so lub l e  and TCA p r e c i p i t a b l e  
f r a c t j o n s  of Vero c e l l s  occurs  rap id ly  f o r  t he  f i r a t  s e v e r a l  hours and then begina 
t o  e? .m  down, probably due t o  f r e e  diffusion i n  and out  of the  c e l l s  of p rev ious ly  
re leased  tox in .  However, t he  addi t ion  of cold T-2 t o  the media csuses an even more 
rap id  and ex tens ive  r e l e a s e  of labeled ma te r i a l  i n  t h e  t o t a l  TCA so lub l e  f r a c t i o n s  
than In  i ts  absence. No d i f f e r ence  was noted i u  t h e  TCA p r e c i p i t a b l e  f r a c t i o a .  
This  would argue a g a i n s t  f r e e  d i f fu s ion  of the  t ox in ,  and more toward displacement 

of l abe led  t ox in  by co ld  t ox in ,  s i nce  t he  labe led  t o x i t  w L l l  k working aga ine t  t h e  
concent ra t ion  g r ad i en t  by moving more rap id ly  ou t  of t h e  c e l l .  Fur ther  s t u d i e s  w i l l  
be conducted t o  b e t t e r  i n t e r p r e t  these r e s u l t s .  

U t i l i z i n g  l abe l ed  T-2 t ox in  i n  s t u d i e s  wi th  t h e  Chinese hamater ovary (CHO) 
c e l l  l i n e ,  i t  was determined t h a t  the k i n e t i c s  of T-2 c e l l  a t  both b and 3 7 ' ~  exhi- 
b i t ed  t y p i c a l  biomolrcular  r eac t i on  pa t t e rn s  i nc r ea s ing  t o  and maintaining a  eteady-
s t a t e  p la teau .  A t  4 degrees ,  equi l ibr ium was reached i n  approximately 6-8 hours ,  
wherear a t  37 degreer ,  equi l ib r ium occurred by 1-1 1 /2  hours. Not only were 



t h e  Line t ic r ;  of T-2 t o x i n  c e l l  a s s o c i a t i o n  more rapid a t  h ighe r  temperatures ,  t h e  
equ i l i b r i um s t a t e  was 4-5-fold h ighe r  a t  37' than hO. When u ~ l a b e l e d  T-2 t ox in  was 
added t o  t h e  l a b e l  product a t  a 100-fold molar excess i n  t h e  k i n e t i c  s t u d i e s ,  toxin-
c e l l  a s s o c i a t i o n  a t  both 4' and 37' was blccked by 95-98%. These observa t ions  would 
sugges t  t h a t  t h e  plasma membranes a c t  a s  a b a r r i e r  t o  i n t r a c e l l u l a r  t r anspo r t  of T-2 
toxin.  I f  t h e  t o x i n  en t e r ed  t h e  t a r g e t  c e l l s  by simple d i f f u s i o n ,  one should no t  
o b t a i n  competi t ion because t h e  f u s i o n  is not a process. I n  addi t io i i ,  when t h e  
n a t u r a l l y  occu r r i ng  b i o l o g i c a l  a c t i v e  form (a-T-2) was compared t o  t he  enantiomer 
and b io logicably  i n a c t i v e  form (B-T-2 t ox in ) ,  i t  vas found t h e  a lpha  isomer was 
t aken  up by CHO cells at  a rate 50 times t h a t  of the beta. These r e e u l t s  suggest  a 
r t e r i o r p e c i f i c i t y  of t h e  uptake process ,  a f ea tu r e  c e r t a i n l y  not  expressed by 
d l f  fus ion .  

By "Scatchard p lo t s "  o r  50% blocking of binding of r ad io l abe l ed  T-2 tox in  i t  
was determi9ed t h a t  ehe a s s o c i a t i o n  cons tan t  f o r  c% 11 binding was 2.6-3.0 x 108 M 
and a number of binding s i t e s  pe r  c e l l  a t  3-6 x 10 . 

A T-2 t o x i n  r e s i s t a n t  i s o l a t e  of a CHO c e l l  l ine  whs produced by t rea tmin t  with 
e t h y l  methane s u l f o n a t e  followed by exposure t o  toxin f o r  s e v e r a l  weeks. This iso-
l a t e  was cloned by l i m i t i n g  d i l u t i o n ,  which produced 14 T-2 r e s i s t a n t  sub l ine s ,  
which were f rozen  i n  ampules t o  a s s u r e  seed stocks. A 2.5-3-fold r e s i s t a n c e  was 
observed wi th  a l l  of t he  c e l l  l i n e s  cloned and frozen a s  seed s tock .  While not  a 
iarge, f a c t o r  of r e s i s t a n c e ,  t h e  e f f e c t  was very easy t o  docurtent and was more t han  
adequate  t o  a l low f u r t h e r  s tudy.  

It waa noted t h a t  t h e  dose-response curve fo r  T-2 t o x i n  i n h i b i t i o n  of DNA ayn-
t h e s i s  was e h i f t e d  by e x a c t l y  t h e  same f a c t x  a s  for t ha t  o i  p r o t e i n  synthes i s .  
These observar iour  would sugges t  t h a t  r e s i s t a n t  c e l l s  v i t h  2 mutat ions have been 
produced, one i n  t h e  DNA and one i n  t h e  p r o t e i n  biarynthet ic  wchanism, o r  t h a t  
d i r e c t  i n h i b i t i o n  of p r o t e i n  s y n t h e a i s  l e d  i nd i r ec t l y  t o  i n h i b i t i o n  of DNA 
ryn thes io .  S ince  both cyclohexilaid and puromycine, well e s t ab l f ahed  t o  a c t  on pro- 
t e i n  syn thea i s ,  both q u a l i t a t i v e l y  and quan t i t a t i va ly  produce e i rn i la r  e f f e c t s  on 
p r o t e i n  and DNA s y n t h e s i s  a s  seen  wi th  T-2 t ox in ,  it waa concluded t h a t  t h e  t ox in  
doer  not d i r e c t l y  l a h i b i t  DNA syn thes i s .  

I n  t e s t i n g  t h e  p a t t e r n  of c ro s s - r e s i s t ance  of other  t r i cha thecenes  mycotoxins, 
i t  war observed t h a t  t h e  T-2 r e s i s t a n t  mutants prow r e s i s t a n t  t o  r o r i d i n  .A, verruc-
a r i n  A, HT-2, T-2 t r l o l ,  and deoxynivalenol  but not t o  T-2 t e t r c o l .  When 
va r iou r  t r ichothecene  t o x i n s  were u t i l i z e d  t o  block c e l l  a r e o c i a t  i on  of rad io labe led  
T-2 t ox in ,  it war found t h a t  r o r i d i n  A, ver rucar in  A, and T-2 were very e f f e c t i v e  
coerpct i tors ,  T-2 t r i o 1  a3d deoxyniva?enol were l e s s  potent and T-2 t e t r a o l  had 
l i t t l e  o r  no e f f e c t .  This  p a t t e r n  would s t rong ly  ouggeat a s p e c i f i c  but common 
b?nding s i te  f o r  a11 of t h e  t r i cho thecenes  t e s t ed ,  with t he  except ion  of T-2 
t e t r a o l .  

T-2 mycotoxin *ill i n h i b i t  p r o t e i n  syn thea i s  fa i s o l a t e d  hepr tocytes .  The LDS0 
f o r  p r o t e i n  i n h i b i t i o n  is s i m i l a r  t o  t h a t  cbrerved i n  o the r  c e l l  I fnee ,  ouch aa t h e  
Veto c e l l o .  By 4 hours  contac t  wi th  t h e  T-2 tox in ,  l i v e r  enzymer such a s  LDH, SCOT, 
and SGPT s t a r t  t o  l e ak  out  i n t o  t h e  medium. By 12 hours, chere  is a 40-fold 
i n c r e a s e  i n  t h e  concen t r a t i on  of t he se  enzymes i n  the media, sugges t ing  severe  c e l l -  
u l a r  dlrmage. 

I n  r t u d i e r  wi th  i s o l a t e d  m s c l e  f i b e r r  both i a  viva and i n  v i t r o  t reatment--' 
~ 4 t hT-2 t o x i n  r e s u l t e d  i n  an i n c r e a s e  i n  membrane poten t ia l s .  Thi r  would ruggest  



t h a t  T-2 t ox in  is perhaps s t imu la t i ng  t he  sodium potassium pump. A t  t h i s  time i t  is 
not  pos s ib l e  t o  r e l a t e  t he se  observat ions t o  t he  ascending p a r a l y s i s  observed i n  t h e  
guinea pig. 

6.  Trichothecene Prophylaxis -and Therapy: 

a )  Ce l l  c u l t u r e :  (W. L. Thompson, HAJ J. OOBrien, D r .  J. G. Pace). High 
doses of cys t fne ,  g lu t a th ione ,  and cystamine r e su l t ed  i n  a 50% i n a c t i v a t i o n  of T-2 
t ox in  a s  measured by i t s  e f f e c t  of i n h i b i t i o n  of p ro t e in  s y n t h e s i s  i n  Vero c e l l s .  
Ser  m from n o r m 1  and turpentine-inflamed rats, v f thou t  modi f ica t ion  o r  a f t e r  heat  
i n a c t i v a t i o n  (56 degrees f o r  one hour),  was t e s t e d  and compared t o  normally-used 
hea t - inac t iva ted  f e t a l  cn l f  serum. Very l i t t l e  d i f f e r ence  i n  t h e  501 p r o t e i n  inhib- 
i t i o n  was noted i n  e i t h e r  pretreatment of t he  T-2 mycotoxin o r  exposure of t i s s u e  
c u l t u r e  c e l l s  t o  t he  d i f f e r e n t  con t ro l  serums. However, amall  i nc r ea se s  were seen 
i n  T-2 n e u t r a l i z a t i o n  when a  toxin was p r e t r ea t ed  with inflamed serum. More 
pronounced r e s u l t s  may be seen i n  a  primary hepa t i c  c e l l  cu l t u r e .  

One of t h e  t r ichothecene  de r iva t i ve s ,  ver rucaro l ,  has  very l i t t l e  e f f e c t ,  i f  
any, on p ro t e in  s y n t h e s i s  i nh ib i t i on  i n  t i s s u e  c u l t u r e  c e l l s .  However, s i nce  verru-
c a r o l  s t i l l  has t he  same bas ic  r ing  s t r u c t u r e ,  inc lud ing  t h e  epoxtde group, as t he  
o the r  t r i chothecenes ,  s t u d i e s  were conducted t o  s ee  i f  ve r ruca ro l  could be used a s  a  
competi t ive i n h i b i t o r  of T-2 toxin.  Ce l l s  were incubated f o r  30 minutes with verru-
c a r o l  and then chal lenged with T-2 myi:toxin. Re l a t i ve ly  good p ro t ec t i on  from T-2 
t ox in  (75-86% i n h i b i t i o n )  was seen with doses of 10 glml of ver rucaro l .  Subsequent 
experiments,  with ver rucaro l  removed from t h e ' c e l l s  p r i o r  t o  cha l lenge  with T-2, 
showed t h a t  any p r o t e c t i v e  e f f e c t  was removed with a 30 minute wash p r i o r  t o  T-2 
chal lenge.  Therefore,  i t  appears t h a t  the  p ro t ec t i ve  e f f e c t  is  dependent on t h e  
presence of t h e  i n h i t i t i n g  molecules. F e a s i b i l i t y  of t h i s  approach us ing  neu- 
t r a l i z i n g  mycotoxin a s  a form of prevent ion o r  therapy is being i n v e s t i g a t e d  i n  t he  
mouse model. 

Crrltured hepatocytes  have been u t i l i z e d  t o  s tudy t he  e f f e c t  of g lu t a th ione  and 
cystearnine on T-2 t o x i c i t y .  A s  with t he  Vero c e l l s ,  both-compounds decreased t he  
e f f e c t i v e  dose 50 (ED ) f o r  T-2 toxin. This would suggest  t h a t  c u l t u r e d  
hepatocytes  can be us28 a s  s preliminary sc reening  system p r i o r  t o  sc reen ing  drugs 
f o r  therapy i n  animal models. 

b) House model: (LTC D. L, Bunner, CPT R. Fr icke,  Dr. J. G. Pace, 
D r .  R. W. Wannemacher, Jr. ). Because of t he  number of a n i w J s  requi red ,  t h e  mouse 
model f o r  T-2 intoxication was se lec ted  t o  sc reen  compounds of p o t e n t i a l  value i n  
prophylaxis  o r  t reatment  s t ud i e s .  Two r ad iop ro t ec t i ve  compounds, g lu t a th ione  and 
cysteamine, have been screened f o r  t h e i r  p ro t ec t i ve  e f f e c t  i n  mice exposed t o  T-2 
tox in .  These compounds appeared t o  i nc r ea se ,  r a t h e r  than decrease ,  t h e  t o x i c i t y  of 
T-2 t ox in  i n  mice. Both t he  LD50 and mean time t o  death were decreased. The 
r e s u l t s  c o r r e l a t e d  with the  p r ~ r e i n  syn thes i s  i n h i b i t i o n  s t u d i e s  i n  cu l t u r ed  hepato- 
cy t e  system. Diehylmalate,  a g lu ta th ione  dep l e t e r ,  a l s o  increased  t h e  death r a t e  
due t o  T-2 t cx in .  . . 

When ve r ruca ro l  was given a t  10 mg/kg i.p. 1 hour before a s.c. i n j e c t i o n  of 
2.5 mg/kg of T-2 t ox in ,  a l l  of the mice were dead wi th in  12 houra. h e  mice in-  
j e c t ed  with T-2 t ox in  o r  verrucarol  a lone were a l i v e  a t  24 hours.  A t  necropsy, T-2 
t ox in  t r e a t e d  mice showed marked his topathology and dep l e t i on  of 



t h e  bone marrow. I n  c o n t r a s t ,  no h i s topa thology  was a s soc i a t ed  wi th  t h e  mice given  
ve r ruca ro l  a lone.  These pre l iminary  r e s u l t s  would suggest  t h a t  p re t rea tment  wi th  a 
non-toxic t r i cho thecene  t h a t  can compete f o r  t he  binding s i t e s  wi th  T-2 t o x i n  can 
i nc rea se  t h e  l e t h a l i t y  of T-2 t o x i n  when given one hour p r i o r  t o  chal lenge.  Future  
s t u d i e s  w i l l  eva lua t e  t h e  use  of ve r ruca ro l  when given s h o r t e r  time per iods  before  
cha l lenge  wi th  T-2 toxin.  

c )  Rat s k i n  model: (Dr .  R. W. Wannemacher, Jr., LTC D. L. Bunner, R. E. 
Dinterman). Since s k i n  abso rp t i on  could be one of t he  major rou t e s  of admlnls t ra -
t i o n  of t o x i n s  i n  a e r o s o l  exposure, d i f f e r e n t  c leansing agen t s  such as water ,  soap  
and water ,  diatomaceous e a r t h ,  chemical warfare decontamlnation k i t s ,  ccmmercially 
a v a i l a b l e  t o w e l l e t t e a  and washcloths  were u t i l i z e d  t o  decontarainate t h e  s k i n  of r a t s  
a t  va r ious  t imes a f t e r  exposure t o  T-2 toxin.  With t h e  except ion  of wiping wi th  
diatomaceous e a r t h ,  a l l  t h e  t r ea tmen t s  u t i l i z e d  i n  these  s t u d i e s  were e f f e c t i v e  i n  
decontaminated s k i n  immediately a f t e r  exposure. Most of t h e  t reatment  procedures  
became l e s s  e f f e c t i v e  with time af  t e r  exposure. However, even a t  6 hours  a f t e r  exp- 
osure  a number of procedures  were a b l e  t o  remove 60-100% of t h e  t ox in  from t h e  
sk in .  Treatment wi th  soap and water ,  towel le tes ,  o r  d i sposable  washcloths were e f -
f e c t i v e  i n  removing T-2 t o x i n  from t h e  s k i n  and did not produce no t i ceab l e  t o x i c  
e f f e c t s .  A t  l a t e r  time per iods ,  t rea tment  with water wash, water  r i n s e  o r  wiping 
with diatomaceous e a r t h  was not  a h igh ly  e f f ec t i ve  t reatment  f o r  decontamination of 
t h e  s k i n ,  a f t e r  T-2 t ox in  exposure. The M-258A-1 decontamination k i t  r e s u l t e d  i n  
t h e  h ighes t  percentage of removal of t o x i n  from skin. The procedure was no t  s i g n i f -  
i c a n t l y  b e t t e r  t han  t h e  use of M-258 decontamination k i t ,  t o w e l l e t t e s ,  d i sposab l e  
wash c l o t h s  or  soap  and water .  Reagents i n  t he  decontamination k i t  d id  no t  i n a c t i -
v a t e  T-2 t o x i n  i n  an  i n  v i t r o  system, which would suggest t h a t  t h e  mechanism of ac-
t i o n  is  by a mechanical c l eans ing  of t h e  s k i n  t o  remove t h e  t ox in .  Also, t h e s e  
k i t s ,  e s p e c i a l l y  t h e  M258 k i t ,  were t o x i c  t o  t he  r a t s  and d i d  cause some s k i n  irrit-
a t i o n  and l e t h a l i t y .  This  e f f e c t  can be p a r t i a l l y  reduced by t h e  use of more d i l u t e  
k i t  m a t e r i a l  and r i n s i n g  w i th  s a l i n e  a f t e r  appl ica t ion  of t h e  decontamination so lu-  
t ions.  

I n  t h e  above s tudy ,  t o x i n  was app l i ed  t o  t he  sk in  i n  e i t h e r  methanol o r  
c thanol :glycerol :water  (2:3:5) which a r e  slowly absorbed i n  systemic c i r c u l a t i o n .  
I f  t ox in  is app l i ed  i n  DMSO, i t  is  r ap id ly  absorbed through t h e  s k i n  and l e t h a l i t y  
response is much g r e a t e r  than  t h a t  wi th  o ther  l i p i d  so lvents .  When a l e t h a l  dose of 
t o x i n  i n  DMSO i s  app l i ed  t o  t h e  sk in ,  i t  could be removed a f t e r  5 minutes by washing 
wi th  soap and water  but not  a f t e r  1 hour. These da ta  sugges t  t h a t  immediate washing 
of t h e  s k i n  wi th  soap and water  markedly decontaminated t h e  s k i n  and reduced l e t h a l  
e f f e c t s  of T-2 
toxin.  Aa such, it would appear t o  be a n  e f f e c t i v e  immediate t reatment  f o r  t o p i c a l  
exposure t o  "yellow rain",  even i f  DMSO were used a s  a vehic le .  Fur ther  s t u d i e s  
w i l l  eva lua t e  t h e  use  of soap and water  t o  decontaminate t h e  s k i n  fo l lowing  exposure 
t o  crude t o x i c  t r i cho thecene  e x t r a c t s .  

7. Trichothecene Aerosol exposure: (Dr. R. W. Wannemacher, Jr., CPT R. 
:*$ Fr icke ,  LTC D. L. Bunner, COL E. Stephenson, R. E. Dinterman). In a pre l iminaryp 

s tudy ,  r a t s  were exposed t o  a T-2 a e r o s o l  using a m d i f i e d  Henderson a e r o s o l  appara- 
t u s  contained i n  a c l a s s  111 b i o l o g i c a l  s a f e t y  cabinet  system. The T-2 t o x i n  was 
d i s so lved  i n  methano1:glycerol:water (3: 2: 5 )  so lu t ion  a t  a concent ra t ion  of 6 
mg/ml. Eight r a t s  each were exposed f o r  10 o r  20 minutes t o  t h e  aeroso l .  This  was 
fol lowed by a 10 minute a i r  wash a f t e r  which the  r a t s  were r e a m e d  from t h e  exposure 



-- 

chamber and observed f o r  7  days. The exposure r a t e  aa determined by a cot ton  
sampler was 0.039 and 0.062 mg/kg body e i g h t  f o r  t he  10 and 20 minute atudy, respec-
t i v e l y .  P a r t  of t he  d i f f i c u l t y  with the  study was t h a t  t h e  T-2 tended t o  be more 
so lub l e  i n  t he  g lyce ro l ,  which was not r ead i l y  aeroso l ized .  A s  a consequence, t he  
exposure dose was too  low and none of t he  r a t s  died o r  showed any s igns  of c l i n i c a l  
i l l n e s s .  

I n  a  second s tudy ,  propylene g lyco l  was chosen a s  a so lven t  f o r  t h e  T-2 
toxin.  Propylene g lyco l  is r ead i ly  aeroso l ized  and does produce an ae roso l  with an 
average p a r t i c l e  s i z e  of 3 microns. Eight  r a t e  were exposed f o r  20 minutes t o  an 
ae roso l  produced from a s o l u t i o n  t h a t  contained 25 mg of T-2/ml of propylene 
g lycol .  The c a l c u l a t e d  i nha l a t i on  dose was 0.68 %/kg body weight. None of t h e  
r a t s  d ied  but they d id  show some c l i n i c a l  s i gns  inc luding  anorex ia ,  reduced f l u i d  
i n t ake ,  and i r r i t a b i l i t y .  From these  prel iminary s t u d i e s  i t  may be concluded t h a t  
a e roso l  exposure was not a markedly more l e t h a l  means of de l i ve r ing  T-2 tox in  than 
systemic exposure. 

8. Marine t ox in s  ( s ax i t ox in  and te t rodotoxin)  

a )  Safe handl ing,  decontamination, and s t a b i l i t y :  
(Dr. R. W. Wannemacher, Jr., R. E. Dinterman). S imi la r  handl ing procedures t o  those 
descr ibed f o r  mycotoxins have been employed f o r  t he  l a s t  year  wi th  marine toxins.  
Both t e t rodo tox in  and s ax i t ox in  a r e  r ead i l y  i nac t i va t ed  by sodium hypochlori te  a t  
t h e  concent ra t ions  u t i l i z e d  i n  t h e  aycotoxin s t ud i e s .  Therefore,  t h e  SOP of 15 Janu- 
a ry  1982 is  e f f e c t i v e  f o r  t he  s a f e  handl ing and decontamination of both t h e  
mycotoxins and marine tox ins .  

I n  s tudying  t h e  k i n e t i c s  of sodium hypochlori te  i n a c t i v a t i o n  te t rodotoxin ,  i t  
was found t h a t  i n  30 minutes,  75 p a r t s  per  mi l l i on  of ch lo r ine  a r e  required t o  inac- 
t i v a t e  50% e o l u t i o n  t h a t  conta ins  100 p a r t s  per  mi l l ion  of t e t rodotoxin ,  'while i t  
took 56 p a r t s  per  mi l l i on  of ch lo r ine  t o  i n a c t i v a t e  a s i m i l a r  amount of t ox in  i n  4 
hours.  Ten p a r t s  pe r  mi l l i on  of hypochlor i te  o r  t a p  water  d i d  not i n a c t i v a t e  t e t ro -  
dotoxin i n  4 hours . Thus, ordinary ch lo r ina t i on  i n  dr ink ing  water  would probably 
not  i n a c t i v a t e  te t rodotoxin .  Exposure of t e t rodotoxin  t o  pH's between 2.7 and 8.0 
d id  not cause any i n a c t i v a t i o n  a t  room temperature f o r  4  hours.  Exposure t o  pH 2.2 
o r  9.2 r e s u l t e d  i n  50% i n a c t i v a t i o n  i n  4 hours. F i f t y  percent  of t e t rodo tox in  was 
i n a c t i v a t e d  when exposed t o  250 degrees F f o r  30 minutes and complete i n a c t i v a t i o n  
was observed wi th  au toc lav ing  o r  with temperatures over 270 degrees F. An exposure 
t o  12,000 p a r t s  per  m i l l i o n  of hydrogen peroxide f o r  16 hours i nac t i va t ed  50% t e t r o -  
dotoxin. I n  c o n t r a s t ,  only 50 p a r t s  per mi l l ion  of hydrogen peroxide were required 
t o  i n a c t i v a t e  50% of t h e  t e t rodo tox in  wi th  simultaneous exposure t o  UV l i g h t  f o r  16 
hours. Exposure of t e t rodo tox in  t o  W l i g h t  f o r  16 hours i n  i t s e l f  r e su l t ed  i n  a  
30% i n a c t i v a t i o n  of t h e  tox in .  Thus, t e t rodo tox in  is r e l a t i v e l y  s t a b l e  and is more 
r a p i d l y  i n a c t i v a t e d  by sodium hypochlor i te ,  W l i g h t ,  o r  hea t  than a r e  mycotoxins. 

Exposure of 50 p a r t s  per  mi l l ion  of s ax i t ox in  t o  22 and 14 mi l l i on  p a r t s  pe r  
mi l l i on  hypochlor i te  f o r  30 minutes and 4 hours,  r e spec t i ve ly ,  r e su l t ed  i n  a  50X 
i n a c t i v a t i o n  of tox in .  When exposed t o  10 p a r t s  per  mi l l i on  of hypchlor i te  o r  t a p  
water  f o r  4 hours ,  s a x i t o x i n  was not inac t iva ted .  This  t ox in  was s t a b l e  i n  pH range 
between 2.4 and 11.7 f o r  4  hours. A t  a pH of 1.5 o r  12.2 50% of t h e  t ox in  was inac-
t i v a t e d  i n  4 hours.  Saxi tox in  was elowly i nac t i va t ed  a t  temperatures  above 100 
degrees F with  50% i n a c t i v a t i o n  a t  250 degrees F. Toxin was completely destroyed by 



autoelaving o r  teaperaturea i n  excess of 270 degrees P. A 16 hour exposure t o  the  
toxin  t o  25 par ta  per mi l l ion  of hydrogen peroxide resulted i n  50% inac t iva t ion  of 
saxi toxin ,  while only 3 p a r t s  per mi l l ion  were required i n  the  presence of W 
l i g h t .  W l i g h t  f o r  16 hours resul ted  i n  a 7% inact iva t in  of saxitoxin.  The 
saxi toxin  was more s t a b l e  a t  higher pHs thau tetrodotoxin but was s l i g h t l y  nore 
s e n s i t i v e  t o  inac t iva t ion  by hypochlorite or  temperature. Hydrogen peroxide was 
much more e f f e c t i v e  i n  ac t iva t ing  s a r i t o x i n  than tetrodotoxin but i t  was l e s s  
s e n s i t i v e  t o  W l i gh t .  

b) Detection: 

(1) House bJ.oassay: (Dr. P. W. Wannemacher, Jr., CPT S. R. Davio, R. E. 
Dinterman). f o r  in t r ape r i tonea l  in j ec t ion  of tetrodotoxin i n  the mouse wee 

t h  95% confidence l eve l  of 12.1-18.9 microgram/kg. When 
tetrodotoxin was in jec ted  subcutaneously the LD was 22.5 dcrogramslkg,  with 95% 
confidence l e v e l s  of 18.8-24.9 .Icrograms/kg. a!r both routes of a d r l n i s t r a t i o n  of 
a toxin,  a l i n e a r  co r re l a t ion  was observed between the mean time t o  death and the  
log dose. Regression analys is  had a P value of l e r s  than 0.01 and an e f f e c t i v e  
range from 15-500 micrograms/kg. 

For saxi toxin  the  LDS0 by the in t r ape r i tonea l  route was 24.4 dcrograms/kg,  
with 95% confidence l e v e l  of 15.9-31.0 microgram/kg. By subcocaneous route  the  
LDS0 was 15.7 micrograms/kg with an LDsO confidence limit of 13.1-20.9 
aicrograma/kg. A highly s i g n i f i c a n t  co r re l a t ion  wru observed between the  mean time 
t o  death and the  log  of dose of saxl toxin ,  through dose range of 15-1000 
dcrograme/kg. For both tetrodotoxin and saxitoxin,  the use of the  mean time t o  
death proved t o  be an e f f e c t i v e  procedure f o r  quanti tat ion of the amount of toxin  i n  
a given sample. If the  mouse did not d i e  i n  15 mlnutes, the sample was conaidered 
t o  b ~ ~ n t o x i ~ .  

(2) Receptor binding assay: CPT S. R. Davio). I so la ted  r a t  bra in  membranee 
a r e  u t i l i z e d  t o  measure binding of 'lt-  axi it ox in t o  spec i f i c  receptor i n  the  ao- 
dium channele. Unlabeled saxi toxin  and tetrodotoxin wi l l  d isplace  the  binding of 
the t r i t i a t e d  saxi toxin  on the receptor menbranee. This bindiag assay can detec t  1 
ng q u a n t i t i e s  of saxi toxin  i n  buffer ,  urine,  or  plasm, and 10 ng of tetrodotoxiu i n  
buffer. Once prepared, the r a t  bra in  membranes a r e  atable f o r  a t  l e r e t  6 months 
when stored a t  -70 degrees. This is a highly sens i t ive  assay which is capable of 
de tec t ing  small q u a n t i t i e s  of marine toxins i n  physiological f lu ids .  This assay 
appears t o  be s p e c i f i c  f o r  saxi toxin  and tetrodotoxin. 

(3 )  Fluoreecence assay: (CPT S. R e  Davio). Treatment of saxi toxin  with hy- 
drogen peroxide converts  i t  t o  a f luorescent  compound which can be detected with a 
s e n s i t i v i t y  of approximately 50 ng. It wae not possible t o  de tec t  the  saxi toxin  i n  
unextracted samples of u r ine  o r  plasma. While t h i s  procedure l a  r e l a t i v e l y  sena- 
i t i v e ,  i t  does not  appear t o  be a uaable technique fo r  de tec t ion  i n  physiological  
f l u i d a  unless the  toxin  l a  extensively ext rac ted  and purified. 

c )  Toxicity and pathophysiology: (Dr. H. A. Neufeld, Dr.  R. W. Wannemacher, 
Jr., CPT L. Brennecker). In  d c e  t r ea ted  with tetrodotoxin, the  only hietopathology 
wae hemorrhage and congestion of the lung and hemorrhage of the  thymus. No discern- 
i b l e  higtopathology was observed i n  mica t h a t  died i n  leas thau 15 d n u t e s  from sax- 
i toxin .  



- -- 

d)  Prophylaxis  and therapy: (CPT S. R. Davio, Dr. L. C. S e l l i n ) .  A drug 
screening  program t.ae been i n i t i a t e d  t o  i d e n t i f y  drugs which could be p o t e n t i a l  an t -  

do tes  aga in s t  marine toxins.  When f u l l y  operat iont i l ,  t h i s  program w i l l  u t i l i z e  
'H- sax i t ox in  receptor  binding s t u d i e s ,  r a t  u s c l e  e l ec t rophys io log i a l  s t u d i e s ,  and 
whole mouse bioassay t o  eva lua te  drugs f o r  t h e i r  t he r apeu t i c  e f f i c acy .  The 
t r i t i a t e d  sax i tox in- receptor  binding =ssay and mouse bioassay have a l ready  been u t i -  
l i z e d  t o  eva lua t e  s e v e r a l  drugs which i n  t h e  o ld  l i t e r a t u r e  were suggested a s  being 
e f f e c t i v e  a n t i d o t e s  aga in s t  sax i tox in  and te t rodoloxin .  It vas concluded from these  
s t u d i e s  t h a t  pen ty lene t razo l ,  ca f fe ine ,  d ie thy ln ico t inamide ,  o r  l o b e l i n e  were t o t a l -  
l y  i n e f f e c t i v e  a s  an t agon i s t s  of the  e f f e c t s  of s ax i t ox in  o r  t e t rodotoxin .  Fur ther ,  
t h e  a n t i d o t e s  used aga in s t  chemical nerve gases ,  a t rop ine  and 2 PAM, d i d  not  a f f o r d  
any p ro t ec t i on  (alone o r  i n  combination) aga in s t  t o x i c  e f f e c t s  of s ax i t ox in .  

9. Sandfly Fever Studies  i n  Man: (LTC D. L. Bunner). 

A t o t a l  of 6 volunteer  sub j ec t s  was s t ud i ed ,  3 melee and 3 females. F ive  sub- 
j e c t s  became ill and using ana ly s i s  of var iance of repeated measurements showed 
c lear -cu t  changes i n  plasma growth hormone concent ra t ion  l e v e l s  a l though no 
a l t e r a t i o n s  occurred i n  p ro l ac t i n  responsiveness. This  is an important  f i nd ing  f o r  
s e v e r a l  reasons. . It does ve r i fy  previous r e p o r t s  showing e l eva t ed  growth hormone 
va lues  dur ing  glucose to le rance  t e s t s  i n  Sandfly fever .  It a l s o  shows t h a t  during 
spontaneous and normal feeding during t h i s  i n f e c t i o n ,  growth hormone va lues  a r e  
c l e a r l y  a l t e r e d  a s  well.  I n  s p i t e  of t he  marked e l eva t i on  i n  growth hormone i n  
Sandfly f eve r ,  body n i t rogen  lose  is a usual  concomitant event .  One must then  post- 
u l a t e  a r e s ib t ance  growth hormone caused perhaps by i n h i b i t o r e  of growth hormone, o r  
perhaps by a l t e r a t i o n s  i n  growth hormone binding o r  pos t  binding even t s  i n  t a r g e t  
c e l l s .  

An a r t i f i c i a l  hyperthermfa study was done t o  document hormonal responaivenesa 
I n  t h e  same s u b j e c t s  t o  e leva ted  body temperature i n  t h e  absence of i n f e c t i o n .  
Q u a l i t a t i v e l y  and q u a n t i t a t i v e l y ,  i t  wae c l e a r  t h a t  growth hormone responses were 
s i m i l a r  t o  those  seen during Sandfly f eve r  i n f ec t i on .  P ro l ac t i n  l e v e l s  aga in  d id  
not  change. One would have t o  pos tu l a t e  t h a t  t h e  e l eva t ed  body temperature pe r  ee  
a t  l e a s t  con t r i bu t ed  s i g n i f i c a n t l y  t o  t he  growth hormone response seen dur ing  infec-  
t ion  

10. Sandfly Fever Studies  &Non-human Primates: (LTC D. L. Bunner). 

Cynomolgus, rhesus ,  and African green monkeys were eva lua ted  a s  pos s ib l e  non- 
human primate m d e l s  f o r  Sandfly fever.  Following i nocu l a t i on  of t h e  v i r u s ,  t h e  
monkeys d id  no t  have any s ign i f i c an t  change i n  body temperature,  food i n t a k e ,  o r  
o t h e r  c l i n i c a l  s i g n s  of i l l n e s s .  Blood samples a r e  awai t ing  a n a l y s i s  f o r  determina- 
t i o n  of seroconversion and viremia. I f  the  monkeys do seroconvert  o r  show evidence 
of visemia, a d d i t i o n a l  s t ud i e s  w i l l  be considered. 

11. Malar ia  i n  Man: (LTC T. M. Cosgriff) .  

AB an a d d i t i o n a l  study component of ongoing a n t i m a l a r i a l  drug t e s t s  i n  
vo lunteers ,  p l a t e l e t - a s soc i a t ed  IgG and complement were measured i n  5 s u b j e c t s  wi th  
induced malar ia .  None of t he  volunteers  have been prev ious ly  exposed t o  mnlaria.  
While a l l  of t he  s u b j e c t s  developed varying degrees of thrombocytopenia, n e i t h e r  
immnoglobulins nor  complement were detected i n  t h e  subje:cs' p l a t e l e t s  i n  concentra- 
t i o n s  above those  found i n  controls .  While p l a t e l e t - a s soc i a t ed  IgG has been impli- 
c a t ed  i n  t h e  pathogenesis  of thrombocytopenia and o t h e r  i n f e c t i o u s  d i s ea se ,  theee  
f i nd ings  argue a g a i n s t  i t s  importance i n  malaria.  



12. Pichinde Vim8 i n  Guinea Pig:  (LTC T. If. Corgriff). 

I n i t i a l  s tud ies  of the Pichinde v ivm infection i n  r t r a i n  13 guinea pigs ( a  
model system f o r  studying hemorrhagic v i r a l  diseases) es tabl ished tha t  such infec- 
t i o n s  produced s i g n i f i c a n t  hemostatic derangel~cnt including decreased concentrat ions 
of n r l t i p l e  coagulation f a c t o r s ,  decreased pla te le t  function manifested L, impaired 
whole b1oc.d p l a t e l e t  aggregation, and thrombocytopenia. Infectefl  guinea pigs a l s o  
developed hemoconcentration manifested by increased beur tocr i t  values, a s  well  a s  
neu t r sph i l i a  and lymphopenia. Fibrinogen concentration8 do not decrease appreciably 
I n  infec ted  guinea p igs  and f ibr inogen degradatioo products cannot be detected i n  
the rerun, uhich i r  evidence aga in r t  the occurrence of in t r avascu la r  coagulation. 
M d d l t i o a a l  r t u d i e r  are planned t o  f u r t h e r  characterize the  ef  f a c t s  of Pichinde vir- 
us in fec t ion  i n  t h i s  model and t o  e luc ida te  the mechanism of such e f fec t s .  

13. Antithrombin 111 from Cryoprecipitate bman Blood: -- -7 

(LTC T. M. Cosgriff ,). 

Becaure antithrombin 111 can be severely depleted i n  condit ions such a s  dissem- 
ina ted  in t r avascu la r  coagulation, and because its replacement may be an important 
p a r t  of therapy, the  antithrombin 111 content of cryoprecipi ta te  was 
mearured t o  see  i f  i t  could serve  a s  a source of antithrombin 111. It was found 
t h a t  the  concentrat ion of antithrombin I11 i n  prec ip i ta tes  was no higher than tha t  
of normal plasma, Further,  heparin had no ef fec t  on the antithrombin I11 content of 
the  cryoprecipi ta ter .  

14. Model Streptococcus Pneumniae Infections: - 
a )  Nutrient rupport therapy i n  non-humn primates: 

(Dr.  R. V. Uanneorcher, Jr., LTC D. L. Bunner). The tethered jacketed monkey model 
war u t i l i z e d  t o  evaluate  the  e f f e c t  of nu t r i en t  cupport therapy and/or eeps i s  on 
plarma albumin prote in  dynamics. Intravenour infusion of amino ac idr  and/or 
dextrose has marked e f f e c t s  on the  r a t e  of rynthesir of nixed plasma and albumin 
proteine. While de t rose  infus ion tended t o  conserve body prote in  by decreasing the  
r a t e  of turnover of t o t a l  body prote in ,  i t  markedly reduced the  f r a c t i o n a l  r a t e  of 
synthes i r  of 
plasma albumin. ~ J I  infus ion of amino ac idr  resulted i n  a g rea te r  turnover of body 
prote in  but a l s o  had marked stirnulatory e f fec t  on synthesfr of albumin and albumin 
concentrationo. Amino acide plus det rose  infusion tend t o  intermediate between two 
other  nu t r i en t  rupport therapies .  Pneumococcal sepsis  had no e f f e c t  on the r a t e  of 
synthes is  of plasma albumin but markedly increased i t s  r a t e  of breakdown. A combin- 
a t ion  of reduced eynthes is  and increased catabolia resulted i n  a marked decrease i n  
plasma albumin content i n  infec ted  monkeys tha t  vere infused with dextrose. These 
obrervations ra ised  the  quest ion a s  t o  whether oearureaantr of plaema albumin can be 
used a r  a c r i t e r i a  f o r  aseess ing the  value of nutrient rupport therapy f o r  e t i m l a t -  
ing hor t  d e f m s e  aga in r t  i n f e c t i o u r  d i reare .  

b) Hormonal response i n  the  r e p t i c  r a t  model: h r u l i n  binding t o  d i f f e r e n t  
c e l l s  during s e p s i s  i n  the r a t : ( W  G. A. Saviolakis and LTC D. L. Bunner). An ins- 
u l i n  binding radioreceptor assay har been developad for the following c e l l  o r  t i s s u e  
receptor sys tem:  cul tured  human lymphocytes, isolated r a t  hind limb muscles, r a t  
rp leen lymphocyter, and r a t  l i v e r  membranes. A ci rcula t ing  i n h i b i t o r  of i n s u l i n  
hormoncr binding t o  receptor8 on cul tured  human lymphocyter var not  found i n  the  
rerum or plarma of Streptococcur pneumoniae-infected rrtr. 



p u m o c o c c a l  i n f e c t i o n  was induced i n  80-100 g r a t e  by eubcutaneous i n j e c t i o n  
of 10 microorganism/kg and t he  so leus  and ex tensor  d i g i t o r u n  langus w s c l e b  were 
s t ud i ed  a t  24 hours ( e a r l y  phase) and 48 hours (peak phase) a f t e r  i n f e c t i o n  us ing  
t he  i n s u l i n  binding assay.  A t  24 hours t he r e  was no d i f f e r e n c e  i n  t h e  i n s u l i n  bind- 
i ng  between i n f ec t ed  and con t ro l  f a s t ed  r a t s .  A t  48 hours ,  however, i n s u l i n  binding 
t o  both t he  so l eus  and ex tensor  digitorurn longus muscles increased  by 20-30%. This 
e f f e c t  was predominantly due t o  increased numbers of binding s i t e s .  Serum plasma 
glucose va lues  were madestly elevated and i n s u l i n  concent ra t ion  increased  2-fold by 
48 hours,  a combination suggest ing presence of i n s u l i n  r e s i s t ance .  The f i nd ing  of 
increased  i n s u l i n  r ecep to r s  suggest t h e  presence of post-receptor  d e f e c t s  i n  i n s u l i n  
a c t i o n  i n  muscle from in f ec t ed  r a t s .  

I n  t he  same experimental  model, i n s u l i n  binding was increased  t o  sp l een  lympho- 
cy t e s  i s o l a t e d  from i n f e c t e d  r a t s .  With these  c e l l s ,  enhanced binding was observed 
a t  24 hours and 48 hours  a f t e r  i n f ec t i on  and was due t o  increased  receptor  concentr-
a t i o n s .  In  s t u d i e s  on i s o l a t e d  l i v e r  membranes, i n s u l i n  binding was not  aff:cted by 
24 hours i n  s e p t i c  r a t s  but was decreased a t  48 hours due t o  a decrease  i n  receptor  
number. Fur ther  s t u d i e s  a r e  underway i n  these  3 receptor  p r epa ra t i ons  t o  o b t a i n  
enough d a t a  f o r  r egu l a r  s t a t i s t i c a l  ana ly s i s  and t o  c o r r e l a t e  t h e  receptor  binding 
changes t o  post-receptor  events ,  i.e. generat ion of hormonal i n t r a c e l l u l a r  
messenger, n u t r i e n t  t r a n s p o r t ,  and enzyme a c t i v i t y .  Data co l l ec t ed  t o  d a t e  i n d i c a t e  
t h a t  the membrane r ecep to r  f o r  i n s u l i n  undergo changes dur ing  i n f e c t i o n  which could 
be p a r t l y  respons ib le  f o r  t he  observat ions of a l t e r e d  n u t r i e n t  metabolism. I n  addi- 
t i o n ,  enhanced binding of i n s u l i n  t o  lymphocytes may be t h e  r e s u l t  of t h e i r  
a c t i v a t i o n  dur ing  i n f ec t i on .  

c )  I n s u l i n  therapy:  (LTC D. L. Bunner). 

I n s u l i n  is  r e a d i l y  a v a i l a b l e  and t he re  is some p r i o r  evidence i n  burn p a t i e n t s  
sugges t ing  t h a t  i n s u l i n  could provide a genuine anabol ic  e f f e c t  dur ing  i l l n e s s .  A 
p i l o t  t r i a l  us ing  r a t s  was c a r r i e d  out which showed smgl le r  weight l o s s  i n  i n s u l i n  
t r e a t e d  i n f ec t ed  r a t s .  Normal r a t s  given pa ren t e r a l  Znsul in gained 15.75 g r a m  over  
a 3 day period. Pneumococous-infected r a t s  given i n s u l i n  however, l o s t  1.14 g r a m  
over the  s a w  time period.  This small l o s s  compared we l l  with t h a t  of i n f e c t e d  r a t s  
not given i n s u l i n  which l o s t  14.75 grams during t h e  same period. However, t h e r e  was 
an excess  mor t a l i t y  i n  t he  i n s u l i n  t r ea t ed  group a s  t h e i r  a p p e t i t e  had not 
improved. C lea r ly ,  pa r en t e r a l  supplementation w i l l  be requi red  f o r  t h i s  type of 
study. Mild hypoglycemia can serve  a s  an a p p e t i t e  s t imulus  but apparen t ly  t h i s  d id  
not  occur i n  t he  i n f ec t ed  r a t s .  

d )  Hormonal r egu l a t i on  of i n h i b i t i o n  of k e t o s i s  i n  t h e  s e p t i c  r a t :  
(Dr. H. A. Neufeld, LTC D. L. Bunner). In  the  f a s t e d  r a t  t h a t  has  an i n f e c t i o n  o r  
inflammatory s t r e s s  imposed upon i t ,  t he re  is a nega t ive  c o r r e l a t i o n  between t h e  
plasma concent ra t ions  of i n s u l i n  and t h e  plasma concent ra t ion  of ketone bodies. 
When ACTH o r  c o r t i c o s t e r o n e  were administered a t  1-2 n g h g  t o  12 hour f a s t e d  r a t s ,  
plasma ketones were depressed and i n s u l i n  concent ra t ions  e leva ted .  Corr icos te rone  
could produce t h i s  e f f e c t  i n  adrenalectomized r a t  but t h e  response was not observed 
when ACTH was adminis te red  t o  adrenalectomized r a t s .  

I f  f a t t y  a c i d s  were perfused through the  i s o l a t e d  l i v e r  of f a s t e d  r a t s  i n  t h e  
presence of phys io log i ca l  concent ra t ions  of glucose,  t h e r e  was no impedance of 
ketone body production. S imi l a r l y ,  i f  t he  f a t t y  ac id s  were perfused i n  t he  presence 
of high concent ra t ions  of i n s u l i n ,  the  same lack of e f f e c t  was eeen. However, i f  
t h e  f a t t y  a c i d s  were perfused i n  the  presence of phys io logica l  concent ra t ions  of 
both g!.ucose and i n s u l i n ,  t h e r e  was a decided reduc t ion  i n  r a t e  of ketone body 
production. 



A l l  of tb vork aecolpl i rhed 89 f a r  point8 t o  8 complicated endocrinologiccrl 
rerponre t o  in fec t ion  and/or i n f l a r n t t i o n .  The requence of events  seem t o  be a s  
f o l l o w :  Any in fec t ion  o r  inflammatory e t r e s r  r e su l t s  i n  a r e l ease  of some rtgnal 
which r t i m l a t e r  the  hypophysis t o  r e l ease  ACTB, the adrelrcrl t o  re lease  
g lucocor t icoids ,  and the  pancreas t o  re lease  both glucagon and insul in .  It is the  
i n r u l i n  o r  some unknown secondary f a c t o r  e t i u l a t e d  by i n s u l i n  which a l s o  mag be 
rerponsible f o r  the  i n h i b i t i o n  of ke toe i r  i n  the  r ep t i c  host. 

15. W f e c t r  of Excrc.ise on Infection: (10.-G. I lback,  Uaiverri ty of Uppsala, 
LTC A. J. Johnroa 8 3Dr. We ~.=iscl). 

The e f f e c t r  cn various in fec t ionr  of p r io r  phyrical  condit ioning and of acute  
exhaurt ive exe rc i re  were s tudied  i n  animal modelr. These modes incloded 2. 
typhimrium s t u d i e s  i n  r a t s  and influenza and P. t u l a rens i s  s t u d i e s  i n  nice. These 
research e f f o r t s  extended e a r l i e r  observationm-idc during tularemia i n  r a t s ,  i n  
which da i ly  e w i e n g  exe rc i se  i n  i a fec ted  r a t r  c a s e d  r e l a t i v e l y  l i t t l e  exacerbation 
of i l l n e r r  r eve r i ty .  Aovever, t h e  tu la rea ia  infection reduced physical  performance 
capacity of rat. but not the  normal "traSningl' rerponsc t o  da i ly  exercise. 

#an tularemia was r tudied  i n  mice, da i ly  exhaustive swimming i n  mice a l s o  
counteracted m a y  of the  infection-induced proteolytic and o the r  biochemical changes 
i n  the  ayocardi~m, but it did  not  a l t e r  the rever i ty  o r  progression of the  
infec t ion .  Phyr ica l  precondit ioning a l s o  l imited the ca tabo l i c  rerponre without 
chmging the outcome of the infec t ion .  In contrar t ,  an in f  lusnza l  in fec t ion  was 
lerr revere i n  the  exe rc i re  preconditioned muse ,  but was of g r e a t e r  r e v e r i t y  i n  
mice forced t o  exe rc i se  during the  v i r a l  i l l ne re .  AB an add i t iona l  f inding i n  t h e  
absence of exerc ise ,  apocardia l  luscle prote in  degradation appeared e a r l i e r  and was 
more pronounced i n  m u r e  inf luenza  than i n  w u r e  tularemia of equal  l e t h a l i t y .  A 
number of o the r  d i f f e rences  i n  myocardial enzyme rerponrer were a l s o  evident when 
the two in fec t ionr  were compared, although neither of t h e w  in fec t ionr  l e d  t o  
myocarditir . 

A d i f f e r e n t  model war a l s o  r tudied ,  i.e., r a t r  infec ted  with 2. typhimrium 
with o r  without the  added r t r e r r  of exerc i re  i n  running wheelr. In  adul t  r a t s  the  
in fec t ion  caured a u t a b o l i c  impai rment, $.a*, i n  reduced p ro te in  rynthes is  and oxi- 
da t ive  capacity,  i n  both s k e l e t a l  and myocardial m r c l e ,  although the  decrements 
were g rea te r  i n  r k e l e t a l  l u r c h .  I n  young weanling r a t r ,  the  r a m  infec t ion  induced 
a t r a n r i e n t  ~ g o c a r d i t i r ,  with increases  i n  myocardial prote in ,  nucle ic  ac ids ,  and 
l i p i d s ,  and i n  the  a c t i v i t i e r  of severa l  enrymer. Acute exerc ise  during the  infec- 
t i o n  caured an add i t iona l  inc rea re  i n  myocardial protein. 

I n  combination, these  s tud ies  appeared t o  indicate t h a t  p r i o r  phyeical cond- 
i t i o n i n g  e u r c i r e  improved hor t  r e r i r t a n c e  t o  infectians.  Hwever, i n fec t ionr  
d i f f e r e d  i n  t h e i r  e f f e c t r  on r k e l e t a l  and cardiac u r c l e  funct ion  and chemistry. 
Perhapr r e f l e c t i n g  t h i r ,  the e f f e c t r  of exhrurt ive phyr ica l  exerc ise  influenced t h e  
courre of in fec t lour  i l l n e s r e r  d i f f e r e n t l y ,  depending on the  infection.  
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3 .  rfJf TO p r  Yorm basic s tua ies  concerned w f  th tl;f Yde%i"ilE%'Edi0%n"Fbiagnosie of 
po ten t i a l  BW agentsldiseasesltoxemias. Tine r e s ~ r c h  w i l l  be d i rected toward generating a 
base of information from which; i t  w i l l  be possible t o  iden t i fy  a po ten t i a l  BW agent o r  
toxin  wi thin  2-8 h r s  from a f i e l d  sampler with as  few a s  100-1000 organisms and t o  
diagnose a disease  ea r ly  i n  the  infect ious  or  toxemic process, even befere "c lass ic"  
symptoms become apparent. The achievement of these object ives  would suba tan t i a l ly  a i d  
U.S. Troops t o  counter ac t  a BW attack by h o s t i l e  forceo. 
24. (U) Experimental approaches are  following these general l ines :  immunologic 
technology concentrates on RIA. and ELISA assays,  p a r t i c ~ ~ l a r yas  they r e l a t e  t o  recent 
advances i n  s p e c i f i c  monoclonal antibody production, and/or t o  the generation of high 
t i t e r e d ,  high a f f i n i t y  of polyclonal antibodies.  Bioassay technology concentrates on 
chemiluminescence of white blood c e l l s  and a l t e r a t i o n  of luminescence of bacter ia .  
25. (U) 8110 - 8209 - I n i t i a l  e f f o r t s  have concentrated on the chemiluminescelit (CL) 
rewsponse of polymochonuclear (PMN) leukocytes t o  F. eularen8ie and B .  ailthraai8. the  
s e n s i t i v i t y  of current  CL technology i s  the detect ion of 100,000 bacter ia .  Refinement of 
the  technology should permit the detection of 25,000 bscter ia .  For i n t e r n a l  
adminis t ra t ive  purposes, these s tudies  are  ongoing and w i l l  be expande?; however, the  work 
w i l l  be reported under a new work unit  t o  be e s t a b l i s e  i n  the new f i s c a l  year a s  870-BD- 
074. The ~hemilurninescent (CL) response of polymorphonuclear leukocytes (PMN) was 
measured using various species  of experimental animals as  well a s  human leukocytes. The 
Sterne s t r a i n  of B. an th rac i s ,  when opsonified with epecif ic  antibody, could de tec t  a s  few 
a s  100,000 bacter ia .  Under iden t i ca l  conditions,  but opsinifying with a d i f f e r e n t  
a n t i s e r a ,  P a  t u l a r e n s i s  could a l so  ba detected with 100,000 organ?ems. The l i m i t  of 
e a n s i t i v i t y  of th:s method i o  determined by the number of PMN'a t o  produce de tec tab le  CL. 



Project  No. W1 i t a r y  Disease, Injury and Health Hazards (U) 

Work Unit No. S10 AR 196: Science Base for  Development of Rapid Field 
Ter t s  f o r  Ident i f ica t ion  and Diagnasis of BW 
Agente/Diseasea 

Background: 

'ILh. pro jec t  w u  taken over by IUJ V. O'Brien i n  December 1981 with the  goal  of 
r tudying the chemiluminercent (CL) rerponre of polymorphonuclear leukocytes (PMN). 
The CL phenorsn8 is i n i t i a t e d  by the  binding of an opsonified l igand t o  a receptor 
r i t e  on the membrane of a PHN, is corre la ted  t o  the r e sp i ra to ry  burs t ,  and is  the  
m r u l t  of the production of react ive  oxygen compounds (02*, 'OH, H202) (1-3). When 
the re  compound8 oxidize e i t h e r  a bacter ia  or  an a r t i f i c i a l  subs t ra t e  (luminol), 
l i g h t  i r  produced i n  a procerr  teroed cheliluainescence (4, 5). 

Tho CL rerporue of PWN. lendr i t r e l f  t o  studies f o r  the  de tec t ion  and 
q w n t i t a t i o a  of thore f ac to r8  involved i n  par t icula te  recognit ion,  l e e .  ant igens ,  
rn t ibodier ,  and complement (6-8). Thio report reviews s t u d i e s  t o  quan t i t a t e  z. 
t u l a r e n r i r  and Ern anthracis ,  and t o  determine the opsonic requirements f o r  PMN 
recognit ion of E. a n t h r r c i r .  Studies a r e  a180 included t o  evaluate  the  e f f e c t s  of 
trichothecerrcs om l i g h t  output P-.ghorphorfum. 

t r o g r e r r  : 

Tho chemilurinercent (CL) rerponre of polymorphonuclear leukocytes (PMN) i s  
m r a u r e  with the  p h o t o u l t i p l L e r  tuber i n  a l iquid  s c i n t i l l a t i o n  counter (Packard 
t r i - c a r b )  modified t o  count out  -2 f-coincidence (single p h ~ t o n  rnni tor ing) .  P l a s t i c  
counting r i a l 8  containing 2 x 10 PIN i n  a f i n a l  volume of 2.0 m l  barbital-vernel  
buffer  with 0.5 H l u r i n o l  (5) a r e  counted f o r  0.2 min at' i n t e r v a l s  of between 7 t o  
24 minuter, depending on the number of ramples i n  the experiment. The data  a r e  
co l l ec ted  rr i n t e n r i t y  of CL, a r a t e  function i n  count. per 0.2 min., ve time i n  
d n u t e r .  

S tudier  on t he  comparative CL rerponrs of PHN from variour species challenged 
with a rtandard p a r t i c u l a t e  inducer reveaied tha t  the g rea tes t  response occurred i n  
c e l l u  of the  human and guinea pig and the h a r t  i n  c e l l 8  of the  r a t .  Based on the  
in ten re  rerponre, human PHN8 were chosen f o r  our preliminary s t u d i e s  i n  ant igen 
detection.  We found t h a t  the Sterne a t r a i n  of &. anthracis ,  when opsonified with 
r p o c i f i c  antibody, could e a r i l y  be detected a t  100,000 CFUs. Under i d e n t i c a l  
condi t ionr ,  only opronifying with a d i f f e ren t  m t i r a r a ,  Lrn t v l a rene i s  could a l ao  be 
detected 8t 100,000 Cm8. 



The limit of s e n s i t i v i t y  of t h i s  method is determined by t h e  number of F'bNe 
requj  red  t o  produce d e t e c t a b l e  CL. We have performed experiments t o  i n c r e a s e  
s e n s i t i v i t y  but t h e  1966 Packard appears t o  be already a t  i r e  limits of de tec t ion .  
A new instrument  has been ordered with spec i  31 low e l e c t r i c a l  no i s e  photomul t ip l ie r  
tubes t h a t  should al low u s  t o  go t o  a 5 x 10 PHN per v i a l .  This l e v e l  of 
s e n s i t i v i t y  h ~ s  been repor ted  by one labora tory  and should al low f o r  de t ec t i on  of 
atound 25,000 CFUs of bac t e r i a .  

The use of t h e  PMN CL response t o  de t ec t  ant igens appears a t  p resen t  t o  o f f e r  
l i t t l e  a p p l i c a b i l i t y  t o  " f i e ld "  use,  v i t h m g h  unforeseen developments could change 
such a viewpoint. A present  advantage t h a t  is of fe red  by t h i s  technique is time. 
The assay  t akes  only a  few hours ,  most of t h a t  f o r  t h e  i s o l a t i o n  of  PNNs. 3ur  
s t u d i e s  us ing  whole blood d i r e c t l y  o f f e r  t he  p o s s i b i l i t y  of a 30 d n u t e  t e s t .  

P a r t i c l e  recogni t ion  by a PKN requ i r e s  t h a t  t he  p a r t i c l e  be opoonif ied o r  bound 
by s p e c i f i c  p ro t e in s ,  e i t h e r  an t ibodies  o r  a l t e r n a t i v e  pathway complement. We used 
t h e  pH4 CL response t o  determine t he  opsoni f ica t ion  requirements of t h e  S te rne  and 
Vollum s t r a i n s  of L. an th rac i s .  

We prepared i r r a d i a t e d  bro th  c u l t u r e s  of Vollum and S te rne  s t r a i n s  of L. 
a n t h r a c i s  and cha rac t e r i zed  them by CFUo and pro te in  concentrat ion.  Equal CFUs of 
each s t r a i n  were opsoni f ied  with e i t h e r  normal eera ( a l t e r n a t e  complement pathway) 
o r  with a n t i c e l l  wa l l  s e r a ,  t r e a t e d  a t  GO (antibody). k very dramatic  d i f f e r ence  
e x i s t e d  between S te rne  and Vollum, with t h e  vollum not  being opsoni f ied  by e i c h e r  
a l t e r n a t e  pathway complement o r  an t ibodies .  When Vollum wa8 g r m  under conditions 
where i t  d i d  not have a capsule ,  i t  was opsonif ied t he  s a w  a s  Sterne. The capeule 
of Vpllum appears  t o  block opson i f i ca t i on  by both t he  a l t e r n a t e  pathway and s p e c i f i c  
ant ibody. 

The need t o  d e t e c t  hazardoue corapounds i n  various samples is r mat te r  of 
concern i n  t h e  c i v i l i a n  community. Unless a  known compound is  being sought by a 
s p e c f f l c  assay ,  gene ra l  t o x i c i t y  can sometimen be determined by b io log i c  assays  
us ing  t r o u t ,  minnows o r  mictoorganirrms. Beckman Instruments,  Inc. has  marketed a  
"Mlcrotox" k i t  based on t h e  e f f e c t  of t o ldns  on the l i g h t  output  o i  the  Sudneecent  
b a c t e r i a ,  -P. phosphoriurn. 

We have done prel iminary s t u d i w  with P. phosphoriun! ueing a l i q u i d  
scintillation counter  t o  d e t e c t  l i n h t  ~ r o d u F t i o n  aci found T, caused on!*: a 25% 
reduct ion i n  l i g h t  a t  lmg/nl. m i i e  these  preltmfnary r e s u l t s  i n d i c a t e  ;hat t he  
t e a t  is  not  p a r t i c u l a r l y  s e n s i t i v e  f o r  t r i chothececes ,  there  is  s t i l l  t h e  p o t e n t i a l  
t h a t  it  can be used f o r  c o ~ p l e x  mixtures. While no one tox in  m y  be a t  a de t ec t ab l e  
concent ra t ion ,  t he  combined z f f e c t  may be de tec tab le .  We a r e a  s tudying  t h e  
a d d i t i o n a l  e f f e c t s  of t r i chothecenee  and w i l l  be studying mixtures and crude 
p r e ~ a r a t i o n s  of molds. 

S i g n i f i c a n t  Achievements: 

a. Standardized t he  CL procedures f o r  s tud ios  with humad, r a t  and guinea p ig  
P m s. 

b. Detarlnlnad t h a t  t h e  CI, response of 2 x 104 human PHNs can r ead i ly  d e t e c t  
100,000 CPU of E. t u l a r e n s i s  (LVS) and --B. r n th rnc i e ,  Sierne a t r a i n .  



c. Ikve1o;nd a uhole blood granulocyte CL u u y  with rat blood. 

d. DeCerPined t h a t  the Vollum e t r a i ~  of B. anthrdcis  is not  opsonified by 
a l t e r n a t e  pathway complement and t h a t  the capsr le  blocks opsonif ica t ion  by c e l l  wall  
s p e c i f i c  antibodies.  

e. Pound t h a t  changes i n  the  l i g h t  output from& phorphorium is not o 
ua; . s i t ive  iqd ica to r  of T-2. 

None 
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Work Unit No. 870-BA-070: Risk Assessment and Evaluation of Vi ra l  Agents and 
Their Vectors That Pose a Po ten t i a l  BW Threat. 

Background: 

Numerous viral d iseases  which a r e  normally transmitted by arthropod vectors a r e  
p o t e n t i a l  t h r e a t s  t o  the  mI8sion of US mili tary forces. Some of these d iseases  a r e  
believed t o  be transmitted i n  nature  only through the  b i t e  of an infec ted  arthropod, ' 

1.e. Dengue (DEN), Chikungunya (CHIK) and Eastern Equine Encephali t is  (EEE) 
viruses. Others, such a s  R i f t  Valley Fever (RVF) v i rus ,  can be transmitted not only 
by an infec ted  arthropod, but a l s o  by aerosol. Effective vaccines a r e  not cu r ren t ly  
avai lable  f o r  many of these diseases.  Therefore, prevention o r  contro l  of v i rus  
transmission is o f t en  achieved only by reduction o r  avoiding infec ted  vector popula- 
t ions.  It is the scope of t h i s  work un i t  t o  understand the  l i f e  cycles of a rbov i ra l  
dieeases which pose a known o r  po ten t i a l  threat  t o  mi l i t a ry  personnel. Included i n  
t h i s  scope of research a r e  not only vector and reservoir  i d e n t i f i c a t i o n ,  but a l s o  
ecological  and environmental f a c t o r s  which predispose v i rus  transmission. It is the  
lack of a c l e a r  understanding of these f ac to r s  tha t  lieits our a b i l i t y  t o  more 
e f f e c t i v e l y  prevent o r  con t ro l  these diseases. RVF v i r u s  was f i r s t  considered t o  be 

se r ious  th rea t  a s  an arthropod transmitted dioease t o  humans i n  1977 when a l a rge  
epidemic i n  the  Nile Delta of Egypt resul ted  in  considerable humah a s  wel l  a s  animal 
mortal i ty.  With the  above scope and th rea t  i n  mind the  following reaeareh 
objec t ives  were developed: (1)  Determine the RVF virus  vector po ten t i a l  of seve ra l  
species  of mosquitoes and sandf l i e s  from Africa, Southeast Asia, South America and 
the  United S ta te s  which a r e  known t o  feed on both humans and domestic animals. 
(2) Determine the  e f f e c t  of environmental temperature and geographic s t r a i n  of the  
vector on the  transmission of RVF, DEN, CHIK and EEE viruses.  

Progress : 

R i f t  Valley Fever Virus - -- 
Because the long term colonization of Egyptian Culex p i p i e n s  s i g n i f i c a n t l y  in- - 

fluenced the species  competence a s  a vector, the objec t ive  of comparing d i f f e r e n t  
geographic s t r a i n s  from Egypt has been deleted from t h i s  work uni t .  Since the  
e f f e c t s  of long term colonization of the vector on vector competence a r e  not wel l  
documented, they w i l l  be discussed i n  t h i s  report. 

The RVF v i rus  s t r a i n  used throughout these s tudies ,  Zagazig 501, was i s o l a t e d  
from human eerum i n  Egypt during 1977. The arthropods f o r  these  transmission 
s tud ies  include f i v e  s t r a i n s  of z. p i p l e n ~  mosquitoes from Egypt and one s t r a i n  of 
Aedee taeniorhynchue from Florida. The sandfl tes,  Lutzomyia longiualpis  were orig- - 
i n a l l y  col lec ted  i n  Brazil .  RVF v i rus  infected golden Syrian hamsters were used t o  
i n f e c t  the i n s e c t s  and non-infected animals were used a s  transmission hosts. 
Preliminary experiments shwied t h a t  the transmission of RVF v i rus  by Cx. pipiene  was 
d i r e c t l y  r e l a t ed  t o  the amount of v i m s  ingested with the i n f e c t i o u s _ ~ o o d m s a l  by 
the mosquitoes. For example, moequitoes which i n i t i a l l y  ingested 10' t o  10' logs of 
r i r u e 5 ~ d  t r a n m f s s i o n  ra t e8  ranging from 0 t o  lo%, while those which ingeezed lo4 
t o  10 ' log. of virua had tranemlssion r a t e s  of up t o  39%. 



-- 

High transmission rat s approaching 60X, were abtained only when the mosquitoes 

infective dose was 10%'' logs of virus or greater. The purpose of another series of 

experiments was to deter~ine if sequential generations of z.
pipiens altered the 

ability of this mosquito to becone infected and to transmit RVF virus; we compared 

results obtained for 16 generations of the Sharquiya &. pipiens strain (Table I). 
For the purpose of this report, the infection rate is expressed as a percentage 

based on the proportion of infected mosquitoes, The virus transmission rate,, also 

expressed as a percentage, Is the proportion of infected mosquitoes that transmitted 

virus upon refeeding. There were no significant differences in between transmission 

rates after 7, 10, and 12 dags of extrinsic incubation; therefore, these data were 

combined. Because of the effect of infectious dose on the mosquitoes ability to 

transmit virus, transmission experiments were divided into three groups on the basis 

of the numb r of plaque forming units (PFU) ingested. The first group r ceive 


80 1 0 ' ~ ~qf virus, while the second and third groups received 104*'to 

and 10 ' 4  to 10 " of virus, respectively. 

A trend analysis comparing infection and transmission proportions by the 

chi,-square test of independent proportions was performed on the imsquitoes that re- 

ceived the highest dose of virus. 


There were no significant differences between the infection rates from the F1 

through P generation. However, a significant change occurred between the F and 


wfen it increased from 78 to 931, respectively (Chi-square - 27.59, i f  - 1, 
p < 0. 05) (Table I). The infection rates appeared t o stabilize following the PI2 
generation. 


There were also no significant differences between the transmission rates from 

the P1 through F5 generation. However, a significant change occurred between F5 and 

P8 when transmission decreased from 56 to 252, respectively (Chi-square = 6.23, df = 
1, 0.025, p < 0.01) (Table I). Transmission rates did not again change significant- 
ly between the F8 and F I 6  generations. 

A comparison of the viral titers for individual transmitting and nontransmitt- 

ing mosquitoes is presented in Table 11, These data suggest that transmitting mos- 

quitoes consistantly contain more virus which is distributed throughout the insects 

body, whereas, the nontransmitters have less V ~ N S  which may be limited to a gut 

infection in the mosquito. The mean titer of transmitting mosquitoes was 2 logs 

greater than the mean titer of nontransmitters. There was no significant differ n e 

between the mean titers of those mosquito s that refed and transmitted virus (103.E) 

and those that transmitted by probing The significance of the probing 

transmitters lies wit!^ the hypothesis that if this behavior occurs in nature, a sin- 

gle female could transmit virus to several susceptable hosts in an attempt to obtain 

a bloodmeal. 


RVF virus infection and transmission comparison between Egyptian g.pipiens 

and North American Ae. taeniorhynchus are presented in Table 111. Both species had 

similar infection rates on days 7, 10, and 12 postinfectious bloodmeal. However, 

there were significant differences in transmission rates between the two species. 

With Ae. taeniorhynchus, transmission rates on day 7 were significantly lower than 

for d';;j;s 10 and 12. With Cx. pipiens, there were no significant transmission dif- 

ferences between days 7, and 12 extrinsic incubation. When comparing the two 

mooquitoes species, &. taeniorhynchus required a longer extrinsic incubation and 
higher virus titer than Cx.pipiens before they transmitted at similar rates, 
-




Even though the re  is s u b s t a n t i a l  epidemiological and labora tory  evidence t o  
incriminate mosquitoes a s  ep izoo t i c  vectors of RVP v i rus ,  t he  c l a s s i f i c a t i o n  of t h e  
v i r u s  i n t o  the  sandfly fever  group suggests that  sandf l ies  mst 6 l s o  be inves t iga ted  
a s  possible vectors.  Since African sandf l i e s  were unavailable,  we chose a New World 
species ,  Lutzomyia longipalpis ,  f o r  these preliminary s tudies .  

The ob jec t ives  f o r  these  s t u d i e s  were t o  deternine i f  RVF v i rus  would r e p l i c a t e  
i n  sandf l i e s  foliowing the  i n t r a t h o r a c i c  (IT) andper  os routes  of in fec t ion  and t o  
determine i f  such females could transmit  the virus e i t h e r  v e r t i c a l l y  o r  horizontal-  
ly. A. shown i n  Table I V ,  t he  v i rue  t i t e r s  i n  inoculated eandf l i e s  increased by 
approximately 2 logs  during the  f i r s t  3 days of e x t r i n s i c  incubation,  then s t ab i -  
l i z e d  a t  t h i s  l e v e l  u n t i l  day 7 when the study me terminated. When sandf l i e s  were 
infec ted  by t h e  IT inocula t ion  route  and then allowed t o  feed on golden Syrian h a w  
s t e r s ,  a t o t a l  of 6 out  of 67 transmitted,  a l l  a f t e r  day 4 of e x t r i n s i c  incubation, 
f o r  a 9.0% transmission r a t e  (Table V). When these same species  of f l i e s  were fed a 
v i r u s  bloodmeal from hamsters, the  amount of virus i n  each f l y  decreased by 3 logs  
by day 3 pos t infec t ious  bloodmeal, Table V I .  It is not c l e a r  whether the  small 
amounts of v i rus  recovered on days 3-10 represent res idual  v i rus  from the  o r i g i n a l  
viremic bloodmeal o r  very low r a t e s  of v i rus  arultiplication i n  the  f l i e s .  Regard-
lee8 of the  reason the re  is nothing t o  suggest that t h i s  species  is a p o t e n t i a l  nat- 
u r a i  CianszA.tter of RVF Virus. In t ransovar ia l  transmission s tud ies ,  3,375 F1 pro-
geny resu l t ing  from female f l i e s  which had taken a RVF v i r u s  bloodmeal have been 
t e s t ed  f o r  v i rus  (Table VII). None of these offrpring were infec ted ,  suggesting 
t h a t  t r ansovar i a l  transmission of RVF v i rus  i n  this epecies is not l ike ly .  In  addi- 
t i o n  t o  sandf l i e s ,  Culicoides o r  b i t i n g  midge8 have been incriminated a s  p o t e n t i a l  
vectors  of RVF v i rus ,  s ince  the v i r u s  was recovered from Culicoides i n  bath Kenya 
and Nigeria. Because of our l imi ted  a b i l i t y  t o  ident i fy  the  Culicoides of East 
Africa and because many species  a r e  a th rea t  t o  potent ia l ly  transmit  severa l  arbo- 
v i ruses  t o  humans a s  well  a s  domestic aninrals, a taxonomic key including the  56 
known speciee i n  Kenya, has been developed which w i l l  enhance our a b i l i t y  t o  iden t i -  
f y  these po ten t i a l  vectors. 

A research program was i n i t i a t e d  t o  study various e x t r i n s i c  and i n t r i n s i c  
f a c t o r s  which inf luence  the vector ef f ic iency of mosquitoes f o r  arboviruses. 
Although many mosquito species  have been implicated a s  vectors of CHIK v i rus ,  epide-
miological evidence suggests  t h a t  k. aegypti is the most important vector. Differ-
e n t i a l  s u s c e p t i b i l i t y  between geographic s t r a ins  of &. ti has been suggested 

On t ea8 a l imi t ing  f a c t o r  i n  the  d i s t r i b u t i o n  of the disease. =%basis  of the  
enormous genet ic  v a r i a b i l i t y  among geographic s t r a ins  of &. aegypti ,  i t  is l i k e l y  
t h a t  the vector competence of t h i s  mosquito fo r  CRIK v i r u s  would vary between 
na tu ra l  populations from d i f f e r e n t  geographic areas. Techniquee were developed f o r  
evaluat ing  t h i s  hypothesis. In preliminary tes ta ,  CHIK virus-rhesus monkey blood 
mixtures, viremic mice, and viremic rherur mnkeys were compared a s  methods of 
in fec t ing  l a rge  numbers of mosquitoes; the  virus-rhesus blood mixture method proved 
ruperior .  I n  addi t ion ,  1-3 day o ld  suckling dcr were found t o  be r u i t a b l e  hos t s  
f o r  tranemission s tudies .  

A f i e l d  ecology rtudy t o  inves t iga te  the poes ib i l i ty  t h a t  EEE v i r u s  is  
maintained over the  winter  by t r ansovar i a l  transaission i n  the  mosquito vector ,  
Cul ise ta  melanura was begun. The rtudy area is the Pocomoke Cypress ,Swamp where EEE 
v i rus  a c t i v i t y  is cons i s t en t ly  a c t i v e  during the surmner. The preliminary f ind ings  
have rhown t h a t  EEE antibody was f i r s t  detected i n  s e n t i n e l  q u a i l  t h a t  were exposed 
t o  f i e l d  population8 of g.melanura between 23 June an6 7 July  1982. These sero- 
conversion8 cor re la t ed  i n  ti- and space a t  approximately 6 weeks a f t e r  the  



i n i t i a l  emergence of Cu. melanura from t h e  overwintering l a r v a e  populat ion but 2 
weeks p r i o r  t o  peak c x l e c t i o n s  of t he  spec ies  which occurred between 24 and 27 
May. This sugges ts  t h a t  t he se  mosquitoes took t h e i r  i n f e c t i v e  bloodmeal soon a f t e r  
emerging and then t ransmi t ted  the  v i r u s  with subsequent feeds ,  r a t h e r  than  acqu i r i ng  
t h e  virus by t r a n s o v a r i a l  means and t r a n a d z t i n g  with the  i n i t i a l  bloodmeal which 
would have implied t r a n s o v a r i a l  transmission. A t o t a l  of 1887 overwinter ing l a r v a e  
were c o l l e c t e d  which have y e t  t o  be  assayed f o r  EEE v i rus .  However, experimental  
s t u d i e s  were conducted t o  determine i f  i n f ec t ed  Cu. melanura a r e  capable of 
t r a n s m i t t i n g  EEE v i r u s  t r ansova r i a l l y .  A t o t a l  of 65 blood engorged female Cu. 
melanura were inocula ted  wi th  EEE v i r u s  during 3 sleparate experiments able-
VIII).virus was not  recovered from 1530 t h i r d  and fou r th  s t a g e  l a r v a e  which 
r e s u l t e d  from 29 eggs r a f t s .  A l l  mosquitoes refused t o  t a k e  a second bloodmeal 
which prevented eva lua t i on  of t r ansova r i a l  t ransmission from t h e  second ovar ian  
cycle. 
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TABLE I. INFECTION AND TRANSMISSION RATES FOR 16 GENERATIONS OF 

CX. PIPIENS WHICH ORIGINATED FROM SHARQIYA, EGYPT. 
-

DOSE* INFECTION TRANSMISSION 

GENERATION (PN) X (Inf./Tested) X . (Trans. IInf ected) 

*Titer expressed as loglO ~F~/mosquito. 


TABLE 11. COMPARISON OF RVF VIRAL TITERS IN 
TRANSMITTING AND NONTRANSMITTING 

EGYPTIAN CUZEX PIPIENS. 


x MI N-MAX* 

Engorged transmitters 


Engorged nontransmitrers 


3.1 0.7-5.2 


Nonengorged transmitters 


*Titer expressed as loglO 

PFU/mosquit o. 




TABLE 111. COWARISON OF INFECTION, TRANSMISSION BATES AND TITERS IN RVFV 
ENGORGED EGYPTIAN CX. PIPIENS ANI) NORTH AMERICAN AE. TAENIORHYNCHUS. - - 

SPECIES/ MEAN TITER (n) 
(DOSE, PFU)~ INFECTION TRANSMISSION 
Incubat ion X (InfITested) X (TransIInf) Trans. Nontrans. 

Cx. pipiens 
76.7 - + .2) 

Day 7 
Day 10 
Day 12 

Ae, taeniorhynchua 
76.4 - + .3 )  

Day 7 
Day 10 
Day 12 

'~iter expressed as loglO PFUImosquito. 

TABLE IV. REPLICATION OF RIFT VALLEY FEVER VIRUS IN LUTZOMYIA LONGIPALPIS 
FOLLOWING INTRATHORACIC INOCULATION. a 

POSTINOCULATION 
(Days) 

NUMBER VIRAL  TITER^ 
SAMPLED Mean St. Dev. kange 

a ~ w o  to three day old sandf lies were inoculated IT with mean of PFU 
f RVP virus. 
Giter expressed a* loglO per sandfly. 



TABLE V. TRANSMISSION OF RIFT VALLEY FEVER VIRUS TC HAMSTERS BY 
LUTZOHYU LONGIPALPIS FOLLOWING INTBATHORACIC INOCULATION.a 


DAYS VIRUS TITER= OF 


POSTINOCULATION TRANSMISSION TO HAMSTERS~ OF SANDPLIES 


OF SANDPLIES~ No. Pos ./No. Tested NO. Neg./No. Tested Range Mean 


-Total 5-9- 6/47
41/47 1.9 - 5.5 

3.6-
4.1 

5.6 4.6 

'Sandf lie8 inoculated IT with approxilaately lo1*7 PFU. 
b2-5 randflier blood fed on each hamster. 
C~iter8 exprerred aa loglO PFUIinsect. 
dNA = Not applicable. 



TABLE VI. SUSCEPTIBILITY OF LUTZONYIA LONGIPALPIS TO RIFT VALLEY FEVER VIRUS 
FOLLOWING FEEDING ON VIREMIC HAMSTERS. 

DAYS POST NO. INFECTED/ - VIRAL TITER^ 
FEEDING= NO. SAMPLED X Mean S t .  k v .  Range -

-

a ~ a n d f  l i e s  examined i n m e d i a t e l y  a f t e r  f e e d i n g  c o n t a i n e d  from t o  
fmean * 1 0 ~ ~ ~ )PFU. 
% i t e m  expressed a s  LoglO PFU p e r  i n f e c t e d  s a n d f l y .  

TABLE V I I .  TRANSOVARIAL TRANSMISSION STUDIES WITH LUTZOMYIA LONGIPALPIS 
FOLLOWING BLOOD FEEDING ON SEVEN VIREMIC HAMSTERS. 

-7 

VIRUS TITER OF BLOOD FED FLIES TOTAL P NO. OF POSITIVE 
(Day 0 )  PROGENY T E ~ T E D ~  SANDFLY POOLS 

Range (x)" 

3.4 - 5.0 (4.3) 

-
. t i ters e x p r e s s e d  a s  l o g  PFU per i n s e c t .
bPI progeny were t e s t e d  fn p o o h  c o n t a i n i n g  from I t o  50 f l ieui .  



TABLE V I I I .  EVIDENCE AGAINST TRANSOVARIAL TRANSMISSION OF EEE 
VIRUS BY EXPERTKENTALLY INFECTED CULISETA MELANURA . 

EXPERIMENT NO. OF FEMALES NO. EGG RAFTS/ KO. VIRUS ISOLATION 

DATE NUMBER INOCULATED DAYS LAID P.I .a POOLS TOTAL LARVAE 

TOTAL 6 5  29 122 0 1 1 , 5 3 0  

a ~ . ~ .= P o s t i n o c u l a t i o n .  
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Work Unit No. 760-BB-063: Assessment of Airborne Microbial  Agents of 
P o t e n t i a l  BW Threat 

Background: 

hay r i c r o o r g a n i s n  employed as an  a i rbo rne  Bk agent  a g a i n s t  US f o r c e s  met be 
s t a b l e  i n  ae roso lo  and i n f e c t i v e  v i a  t h e  r e s p i r a t o r y  tract. I n v e s t i g a t i o n s  are 
designed t o  de f ine  t h e  a e r o s o l  s t a b i l i t y  c h a r a c t e r i s t i c s  and r e s p i r a t o r y  i a f e c t i v i t y  
po t enc i a l  of pos s ib l e  t h r e a t  organisms. Addit ional  parameters  of t he  pathogenesis  
of i n f e c t i o n s  induced by a e r o s o l s  a r e  e luc ida t ed  a s  t h e  need i n d i c a t e s  t o  inc lude  
d e t e r d n a t i o n  of t h e  sequence of even t s  lead ing  t o  immdnity fo l lowing  vacc ina t ion  o r  
a e r o s o l  i n f ec t i on .  Vaccines developed t o  p ro t ec t  a g a i n s t  p o t e n t i a l  t h r e a t  BW agents  
a r e  eva lua ted  f o r  p r o t e c t i o n  a f forded  aga in s t  a e r c s o l  cha l leage .  These s t u d i e e  a r e  
d i r e c t e d  toward i d e n t i f i c a t i o n  of e f f i c a c i o u s  vaccines which w i l l  g r o t e c t  deployed 
t roops  and a t - r i s k  l abo ra to ry  personnel.  

Progress: 

Aerosol s t a b i l i t y  and i n f e c t i v i t y  evaluat&ms of t h e  Roaero s t r a i n  of Junin  
v i r u s  were extended, A h igh ly  e i g n i f i e a n t  d i f  f e r encs  e x i s t e d  a t  2 4 ' ~  (75'~) between 
a e r o s o l  s t a b i l i t y  a t  30% RH and s t a b i l i t y  a t  55 and 80% FC' Bio log i ca l  h a l f - l i f e  
va lues  i n  a e r o s o l  of 27.7, 19.3, and 16.1 mln were determined f o r  RH of 30, 55, and 
80%, r e spec t i ve ly .  Outbred guinea p ig s  were e x q u i s i t e l y  r e n s i t i v e  t o  i n f e c t i o n  wi th  
Junin  virurr, whether cha l lenged  by t h e  r e s p i r a t o r y  or t h e  i n t r a p e r i t o n e a l  (1.p.) 
rou tes .  The w a n  time t o  dea th  a f t e r  a e roso l  exposure, va r i ed  from 16 t o  18 days 
and i n v e r s e l y  r e l a t e d  t o  t h e  cha l lenge  doee of v i r u s ,  whrteas  v i r u e  c o n c m t r a t i o n  
exh ib i t ed  l i t t l e  such dose e f f e c t -  when i n j e c t e d  1.p. D i f f e r ences  observed between 
t h e  median l e t h a l  doses  f o r  t h e  two rou t e s  of cha l lenge  were no t  s i g n i f i c a n t .  

Pre l iminary  s t u d i e s  were i n i t i a t e d  t o  de f ine  and c o n t r a s t  t h e  pathogenesis  of 
Junin  v i r u s  i n f e c t i o n  i n  guinea p ig s  induced by a e r o ~ o l  expi,sure v s  1.p. 
inocula t ion .  One group of outbred g u i ~ e a  plgs  was i n j e c t e d  1.p. wi th  500 pfu each 
of t h e  Rowro s t r a i n  of Junin  v i rus .  A second gioup of gu inea  p i g s  was exposed t o  a 
saall p a r t i c l e  a e r o s o l  snd each animal received an es t imated  inha led  doee of 350 
pfu. C l i n i c a l  s i g n s  of d i s e a s e  were i d e n t i c a l  f o r  t h e  two r o u t e s  of i n f e c t i o n ,  
except  t h a t  t h e  f e v e r  response gene ra l l y  was evidenced 24 t o  48 h r  e a r l i e r  i n  guinea 
p ig s  inocula ted  1.p. Fever (> 39.0) was de t ec t ed  by day 7 a f t e r  i n f e c t i o n  i n  t h e  
1.p. inocula ted  group and by day 9 i n  those exposed t o  a smal l  p a r t i c l e  aeroso l .  
The concen t r a t i on  (p fu lg )  of v i r u s  i n  the  bra in ,  lung,  URT, l i v e r ,  s p l e  n and 
kidney of moribund o r  dead (> 6 h r  a f t e r  dea th)  guinea p ig s  exceeded 10"' p fu lg  f o r  
each t t s r u e .  Theme p r e l l d n a r y  d a t a  indicated t h a t  t h e  concent i o n s  o f j j i r u s  
a t t a i n e d  i r r  t h e  t i s s u e s  of a e r o s o l  exposed guinea p ig s  were 10 '"t o  10 g r e a t e r  
than i n  t h e  t i s s u e s  of 1.p. inocula ted  ~ n i m u l s .  H i s t o l o g i c c l l y ,  t h e  Junin-infected 
guinea p ig s  could not  he  regrega ted  according t o  i nocu l a t i on  rou te .  Each l ~ a d  s eve re  
n e c r o s i s  of bone marrow and extramedullary heaopo ie t i c  t i s s u e .  The ad rena l  g lands  
were congested and t h e  lymphoid elements of t he  sp leen ,  thymus, lymph nodes, and 
CALI had vary ing  degeer  



of necros i s .  Pa thologic  l e s i o n s  were not observed i n  the c e n t r a l  nervous system. 
Continuing in-depth s t u d i e s  should de f ine  t he  basic  pathogenesis of r e sp i r a to ry -
induced Junin v i r u s  i n f e c t i o n  i n  guinea pigs ,  a s  contrasted t o  d i s ea se  r e s u l t i n g  
from p a r e n t e r a l  i n j e c t i o n .  

S tud i e s  were i n i t i a t e d  t o  eva lua t e  t he  e f f icacy  of the  l i v e ,  a t t enua t ed  (TC-83) 
and thc  for r ia l in - inac t iva ted  (C-84) T E v a c c i n e s  vs aerosol  chal lenge.  One group of 
Golden Syr iac  hamsters was vaccinated with a s i ng l e  dose of TC-83 vaccine,  and a 
second group wa3 given 2 doses of C-84 vaccine. Subsequently, each group waa 
divided l n t o  7 subgroups: ant ibody eva lua t ion ,  aerosol challenge/low dose, ae roeol  
cha l lenge jh igh  dose,  suhcutaneons (s.c.) challenge/lov dose, s.c., cha l lengeJh igh  
dose,  shan ae roso l  cha l lenge ,  and sham 8.c. challenge. 

E s t i i ~ a t e o  of t he  h u n a r ~ l  antibody t i t e r s  i n  the challenged hamsters were made 
by determining the t i t e r . .  it- :>-'a oatajned on the  day of c h ~ l l e n g e  from 10 hamsters 
of each vaccine group. Geometric wean entibody t i t e r s  evidenced by TC-83 vaccinacec 
' ~ a w s t a r s  derc 2 5 7 ,  a s  measured by I'RN 80, and 955 as determined by RIA.  By 
c o n t r a s t ,  hamsters vaccinated with C-84 vaccine had geometric mean humoral ant ibody 
t i t e r s  of 8 by PRN 30 eva ludt ion  and 60 by R I A  Plearrurerwnt. The Trinidad s t r a i n  of 
VEE v i r u s  was ufied f o r  chal lenge of vaccinated hamsters (Table I). The TC-83 
vaccine prog;q2d comalcte p ro t ec t i on ,  a s  measured by morta l i ty ,  age in s t  chal lenge 
doses of 10 I.Dio of v i r u s ,  regardlesd of exposure route. I nac t i va t ed  C-84 
vaccine,  on t he  o t  e r  hand, induced a p ro t ec t i ve  response t h a t  var ied from p a r t i a l  
t o  tncomplete,  A 1 1  hamst t r s  exposed t o  t he  high dose of v i r u s  i n  ae roso l  d ied  by 
day 4 a f t e r  exposure. Three of the  14 hamsters txposed t o  t he  low dose ae roso l  
d ied ,  thus  i n d i c a t i n g  t he  ex i s t ence  of a dose response event.  S imi l a r l y ,  t h r e e  of 
t h e  hamsters chal lenged by s.c. injection died.  The mean time t o  death c o r r e l a t e d  
c lo se ly  t o  the  va lues  obtained f o r  the  noa-protected control  hamsters. The only 
au t s t sna ing  exczpt ion was cne hamster t h a t  died on day 10 a f t e r  exposure t o  a low 
dose aeroso l .  

Concentrat ions of i n f e c t i o u s  VEE v i r u s  detected i n  the  t i s s u e s  of non-vacci-
nated hamst5rti was e s s e n t i a l l y  t he  same f o r  both s a c .  ae ros  1. exposures aad f o r  
e w h  dose of v i rus .  The concent ra t ions  yarled from 10 918 ,, ,,8.0 pfil/g of 
t i s s u e .  A l l  of the  non-vaccinattd hamster? had s imilar  l e s ions ,  r ega rd l e s s  o i  t he  
rou te  o r  dose of chal lengz.  Primary changes observed were hemorrhage and 
n e c r ~ o t s .  The most u tvere  hemorrhaqes noted were in  the small and l a r g e  
i n t e s t i n e s .  Diffwse, severe nwrc)&l': Was present  i n  the bone marror, lymph nodcs, 
and G A L i  (lymphoid t i s s u e s )  of t he  small  and l a rge  intestines. L e ~ s e r  n e c r o t i c  
a l t e r a t i o n s  were seen i n  moat of t he  o t h e r  organs throughout the  bcdy. The avere 
damage t o  t he  bone marrow and 1ymphoi.l t i s s u e s  wocld reverely compromise r.ost immune 
and t i s s u e  oxygenation aixhanisms, dnd probably was the primary cauae or  doath. 

Since none of t he  hamsters t h a t  were vaccinated wt*h TC-83 a t t enua t ed  vaccine 
d ied ,  f i ~ ehamsters from each group were k i l l e d  on i a y  5 a f t e r  chal lenge.  Infec-
t i o u s  v i r u s  vaa not  recovered from the  blood or any 6f t he  t i s s u t o  of t he  animale 
chal lenged by 6.c. i nocu l a t i on  o r  with the low dose aerurrol. Su rp r t e i ag ly ,  low 
t i t e r s  of v i r u s  approximating 200 ofu/g were detected i n  t he  blood, lunga, and bra:n 
o i  hamstere exposed t o  ae roso l  containcng the  high dose of v i rus .  hone of the 
animals examined exh ib i t ed  s i g n i f i c a n t  his topathologic  l r e ions ,  e v w  i n  t h e  presence 
of low grade v i r u s  i n f ec t i on .  Tor e r a h n t i o n  of the C-84 vaccinated animals ,  f i v e  
hamster6 i n  each of t he  two 8.c. chal lenge groSJps and the group exposed to low dotre 
aeroeol  wcre k i l l e d  on day 5 a f t e r  chal lenge.  



Again, hamotrrs surviving v i ru len t  challaage d id  not have d t t e c t a b l e  r i r u r  i u  t h e i r  
blood o r  t i soues ,  and did  not exh ib i t  s ign i f i can t  hfrtopathologic lesiona.  The one 
hamster tha t  died a f t e r  challenge 8.c. v i t h  low dose had e l n i ~ a l  t o  mild nec ro t i c  
changes. The changes appeared insu f f i c i eo t  t o  cause death, although the 
concentration6 of v i rus  i n  the  t i s s u e s  aiaicked those found i n  the  nonvaccinated 
contro l  hameters. Of the  two hamsters tha t  died foliowing high dose s.c. challenge, 
one had l e r ions  arulogour t o  tho$= obeerved i n  the  non-vaccinated control6 which was 
ind ica t ive  of a vaccination fa i lu re .  The second b a r r t e r  t h a t  died i n  t h i s  group had 
no r i g n i f i c a n t  lesion@. In teres t ingly ,  the vim8 concentrat ions i n  the  various 
tirrwr vere r i n i l a r  i n  both hamaterr. Aaimnlr that died a f t e r  lw dore a e r o r o l  
challenge yielded r l i g h t l y  lwer coacentra t iow of vim8 from t h e i r  t i o sue r  than did 
t he  hamsters exposed t o  high dorer of virur .  It aharpld h noted t h a t  VEE v i m 8  
rep l i ca ted  t o  higher t i t e r r  i n  the braie,  a8 compared t o  o ther  t i ssues .  Each of the  
hametere tha t  died a t  both dose l eve l s  exhibited s imi la r  histopathologic changes. 
Uoderate t o  severe eucepha l i t i s  or  meningoencephalitis was conriotenfly observed, 
and va3 the most l i k e l y  causc of death, The Itrims conrirteG of varying f x i  of 
in"1amnatory c e l l s ,  necrorin,  and hemorrhage. One haa r t e r  had necroais  of the  m e a l  
epithelium, which extended through the c r i b r i f o n  p b t e  rnd i n t o  the  o l fac to ry  
lobe. Thir  f inding,  combined u i t h  the higher v i rus  t i t e r a  i n  the  brain is 
e u g ~ e s t i v e  of a d i r e c t  extension of, the v i ru r  i n t o  the  brain; hwever ,  i t  docs not  
explain the pathogenesir of t,he oeningoe?icephalitie. 

Additional s t u d i r r  vere  i n i t i a t e d  t o  evaluate the  protec t ive  ekficacy of 
passively t r ans fe r red  hurora l  ac t ibod i t r  t o  VEE v i rus  vs aerosol  cnallenge. The 
concept war t o  t r a n r f e r  high t i t e r e d  a n t i r e r a  obtained fzom h a m t a r s  vaccinated with 
-83 vuccine and challenged with v i ru lent  dn t r  v ia  f..p. i n j ec t ion  i n t o  n 8 . t ~  
hamsters t o  a t t a i n  c i r c u l a t i n g  antibody t i t e r s  of 200 o r  g rea te r ,  then challenge the  
r ec ip ien t s  with a small p a r t i c l e  aeroeol. Preliminary da ta  Indicated tha t  husoral  
antibodies alone received by passive t r ans fe r  did not impart protec t ion  i n  
halmterr. The rean time t o  death war not s t g n i f i c a n t l y  d i f f e r e n t  from t h a t  obrerved 
f o r  non-protected con t ro l  hamsters. 

Previously reported data  indicated tha t  suble thal  dorer of Influeaza virus 
f o i l w e d  by suble thal  dorer of Legionella pneuwphi la  led t o  death ( I ) ,  which ~eamed 
t o  be due t o  p ro l i f e ra t ion  of the vFrur r a the r  than crf the bacterium. This observa- 
t i o n  suggested t h a t  a "toxin" m y  have been produced bp neum h i l a  and may have 
caused death. Organisma i n  a heavy $.spenslon (about 10 /$*&urnphila i n  
t ryptore-rai ine were lpsed v i t h  u l t raoonic  t rea twlr t  . Soluble f rac t ionr  
(rupernatant  f l u i d )  and c a l l  debris  (sediment) vere col lec ted  by centrifugation.  
The debrio war suspended i n  the o r ig ina l  volume of f lu id .  F i f teen  AKR/J d c e  were 
given an i . : t r a ~ s a l  rubleth81 dose of influenza v i rus ,  followed 3 days l a t e r  by an 
i n t r a n a r a l  dove of the crude rupernatant f lu id .  F i f teen  mice were txeated 
s imi la r ly ,  but were given the debris  tha t  had been c o l h c t e d  by centrifugatio.r.  
Controlr conr is ted  of pica given :nfluenzr v i rur  followed by r a l i n e  a t  3 days. The 
da ta  a r e  given i n  Table 2. Both debrir  and supernatant f l u i d  s igni f ica t r t ly  ewcer-
bated the i n f ~ u e n c a  infec t ion .  Thir exper imnt  r t rongly  rupportr the hypothtr ia of 
t ox ic  a c t i v i t y  . 

A number of experiments have k e n  performed t o  rtudy the rransrPiesibi lf ty of .I,-. 
pneumphila from infec ted  t o  normal guinea pigs. When infec ted  guinea p ias  wera 
houred with norm1 animals, no evidence of transmission war found ( I ) .  Since 
l e g i o n ~ l ~ o r i si n  man and guinea pig8 i r  u n i f e r t e d  a r  a pneuronia, the Pack of 
t r a n r o i r r i u n  i r  d i f f i c u l t  t o  explain. Therefors, invar t iga t ion  of animal t o  anirurl 
paarage war i n i t i a t e d .  One p o r r i b i l i t y  war tha t  the number of c e l l s  needed t o  
i n f e c t  war s o  g rea t  t h a t  in ru f f i c ion t  numkrr were ahed t o  achieve it. Therefore, 
tha w d i a n  in fec t ive  dore (LPSO) w u  reevaluated (Tabla 111). 



roups of guinea pigs  each were given graded ae roso l  doses ranging from 
t o  105e2'. Temperature and weight were measured da i l y .  Serum micro-aggluti-  

na t i on  (MA) t i t e r s  were determined on blood obtained a t  14 and 21 days. The ID50  
based upon weight l o s s  (5X) and f eve r  0103 .5 '~ )  was about 300 cfu.  Based upon 
serology t he  I D  was <170 c f u ,  and by ex t r apo l a t i on  was probably c l o s e  t o  17 cfu.  
An i n t e r e s t i n g  %erva t ion  was t h a t  t h r ee  of t he  guinea p igs  t h a t  d id  not  manifest  
c l i n i c a l  s i gns  of i l l n e s s  wtre i n f ec t ed ,  a s  s h8w n  by sero-conversion. Moreover, 
when t he  g ~ i n e a  p ig s  were rechal lenged with 10 c fu  a t  28 days, t he  only guinea p ig  
t h a t  responded was the  s i n g l e  animal with no MA t i t e r .  I n  view of t h e  r e l a t i v e l y  
low I D  0, t he  p o s s i b i l i t y  was considered t h a t  noraa l  guinea p ig s  inha led  t he  equiva- 
l e n t  02 an infect've dose; however, t h e  time required t o  accumu~ate  t h e  i n f e c t i v e  
dose was too long t c  e s t a b l i s h  i n f e c t i o n ,  i.e., normal c learance  mechanisms were 
a b l e  t o  c l e a r  inha led  orghnisms before they could e s t a b l i s h  i n f ec t i on .  

I n  s e p a r a t e  experiments,  a t tempts  were made t o  determine whether organisms 
could be recovered from the  a i r  surrounding i n f ec t ed  guinea p igs ,  from t h e i r  f u r ,  o r  
from t h e  t r achea  of normal cagemates. Air samples were taken from t h e  cross- infec-  
t i o n  box (1) us ing  A G I  samplers twice d a i l y  f o r  30 min each. No organisms were 
recovered when t h e s e  samples were spread on CYE agar ,  nor  d id  t he  ac id  t reatment  of 
Bopp e t  a 1  (2 )  a i d  i n  recovery. For f luorescence  microscopy, a 20 m l  sample was 
recovered from a i r ,  c en t r i f uged  a t  29,000 x g f o r  5 min, resuspended i n  0.5 m l  of 
water ,  smeared on s l i d e s  and s t r a i n e d  with s p e c i f i c  conjugate. The s l i d e s  were then 
examined wi th  a f luorescence  microscope. Small numbers of f l uo re sc ing  b a c t e r i a  were 
seen  i n  samples teken more than 48 h r  a f t e r  exposure. It  is poss ib le ,  however, t h a t  
t he se  organisms o r ig ina t ed  from t h e  f u r  of t h e  i n f ec t ed  guinea pigs .  

To determine coa t  contaminatj.on guinea pigs  were exposed t o  an a e r o s o l  dose of 
106 cfu ,  and samples of t he  back and head were obtained with moistened swabs a t  
pe r iod i c  i n t e r v a l s .  Large numbers of Le i o n e l l a  were recovered f o r  5 h r s ,  l e s s e r  
numbers f o r  24, and a t r a c e  a t  18 h r s  -*. This observa t ion  suggested t h a t  
some b a c t e r i a  a r e  shed fol lowing whole body exposure, but i t  does not i n d i c a t e  
whether organisms a r e  shed from t h e  lungs. 

A l a s t  a t tempt  t o  determine whether normal guinea pigs  inhaled o r g a n i s m  shed 
by i n f e c t e d  cagemates d e a l t  wi th  i s o l a t i o n  from the  t rachea.  The r a t i o n a l e  he re  was 
t h a t  t h e  turbulence i n  i n s p i r e d  a i r  caused by t h e  r e s t r i c t i o n  of t h e  airway a s  i t  
passes  though t h e  la rynx  should cause depos i t ion  of organisms i n  t he  t r achea  j u s t  
below t h e  larynx (Martonen, persona l  communication). Accordingly, 4 guinea p igs  
were placed with i n f e c t e d  cagemates. A t  3 and 4 days two animals were k i l l e d  and 
t h e i r  t racheae  removed. The t i s s u e  was homogenized i n  a small  volume of t ryp tose-
maline and spread on CYE p l a t e s .  The counts ,  shown i n  Table V, unequivocal ly 
demonstrate t h a t  guinea p ig s  do i n h a l e  organisms from in fec t ed  cagematee. The 
reason why t h i s  does not  r e s u l t  i n  seroconversion o r  c l i n i c a l  i l l n e s s  is not  c l e a r .  

Prev ious ly  repor ted  d a t a  shows t h a t  > 80% of Michigan Department of Publ ic  
Health (MDPH)-vaccinated guinea p ig s  were pro tec ted  aga in s t  an intra-muscular  (i.m.) 
cha l lenge  conta in ing  100-200 LD50'8 (5,000-10,000 spores )  of v i r u l e n t  Bac i l l u s  
a n t h r a c i s ,  Vollum 1 B  (1). These r e s u l t s  a r e  i n  agreement with d a t a  publ ished from 
1960 t o  1970 when t h e  MDPH was developed. Su rp r i s i ng ly ,  ao d a t a  a r e  a v a i l a b l e  on 
t he  e f f i c a c y  of t he  MDPH vaccine t o  p ro t ec t  guinea pigs  aga in s t  a n  a e r o s o l  cha l lenge  
of an thrax  spores .  S tud i e s  were implemented, t he r e fo re ,  t o  eva lua t e  t h i s  aspec t  of 
vaccine e f f i c acy .  Outbred Har t ley  s t r a i n  guinea p igs  were vaccinated wi th  t h e  MDPH 
vaccine us ing  t he  s tandard  regimen of 3 8.c. i n j e c t i o n s  of 0,s  ad each given a t  



2-week i n t e r v a l s .  The presen ted  a e r o s o l  dose was ca lcu la ted  t o  be 152,000 spores  of 
an th rax  ( ae roso l  LD50 f o r  guinea p ig s  averages  60,000 spores) .  A l l  of t he  s a l i n e -  
vaccinated c o n t r o l  gu iaea  p igs  d ied  by 4.5 days,  with a mean time of 3.5. The 
s u r v i v a l  r a t e  f o r  t he  vacc ina ted  guinea p igs  was 50% and the time-to-death ranged 
from 3 t o  7 days. The geometr ic  mean serum t i t e r  of t he  vaccinated guinea p igs  was 
832, as measured by t h e  i n d i r e c t  hemagglut inat ion assay (IHA). Serum titers ranged 
from < 2 i n  two animals  t o  4096. A c o r r e l a t i o n  between antibody concent ra t ion  and 
guinea p i g  dea th  o r  s u r v i v a l  was not  observed. The su rv iva l  response d a t a  ob ta ined  
i n  t he se  i n i t i a l  t e s t s  suggested t h a t  t h e  p ro t ec t i ve  ant igen type vaccine (MDPH) may 
not  be a s  p r o t e c t i v e  a g a i n s t  a e r o s o l  cha l lenges  a s  aga ins t  i.m. chal lenge.  

I n  a l l  subsequent s t u d i e s ,  an a d d i t i o n a l  group of guinea pigs  i n j e c t e d  with the 
l i v e ,  a t t enua t ed  . p  r e  S t e rne  vaccine wae included f o r  con t r a s t  eva lua t i on .  The 
spo re  vaccine &res lml)  was administered a s  0.2 m l  8.c. f o r  t h e  1 s t  i n j cc -  
t i o n ,  0.4 m l  8.c. f o r  t h e  2nd i n j e c t i o n ,  and 0.5 m l  8.c. f o r  t h e  3rd i n j e c t i o n .  
I n j e c t i o n s  were a t  2-week i n t e r v a l s .  Two weeks a f t e r  t he  3rd vacc ina t ion ,  ha l f  of 
each group of guinea p ig s  were chal lenged by aeroso l  exposure and the  remaining 
animals  by 1.m. i n j e c t i o n  wi th  v i r u l e n t  ~ n t h r a x  spores. A t  24 h r s  p r i o r  t o  
cha l lenge ,  8 guinea p i g s  from each vackinated group and 2 animals from each c o n t r o l  
group were exsanguinated and t h e  serum was assayed f o r  humoral a n t i b o d i e s  us ing  t h e  
IHA and ELISA procedures. I n  both assays ,  t h e  PA component was used a s  t h e  
an t igen .  A l l  of t h e  c o n t r o l  guinea p ig s  exposed t o  e i t h e r  type of cha l lenge  d ied  
w i th in  t he  u sua l  2 t o  4 day post-chal lenge period (Table VI). A l l  S t e rne  spore- 
vaccinated guinea p ig s  surv ived  both t h e  a e r o s o l  and 1.m. chal lenges.  The MDPH- 
vacc ina ted  animals  a l s o  were adequately pro tec ted  (88% su rv iva l )  a g a i n s t  t h e  F.m. 
chal lenge.  However, when exposed t o  a e r o s o l s  of anthrax spores ,  only 38% of t he  
MDPH-vaccinated gilinea p i g s  survived.  Again, no apparent c o r r e l a t i o n  was observed 
between t h e  concent ra t ion  of serum a n t i b o d i e s  and surv iva l  ra te .  Di f fe rences  i n  
ant ibody t i ter  va lues  demnnstrated by t h e  two assay techniques r e f l e c t  an i nc r ea sed  
s e n s i t i v i t y  of t h e  ELISA procedure. 

Pass ive  immunity s t u d i e s  were conducted t o  eva lua te  the  s i g n i f i c a n c e  of humoral 
a n t i b o d i e s  induced by t h e  MDPH and S t e rne  vaccines i n  providing r e s i s t a n c e  a g a i n s t  
l e t h a l  anthrax.  Anthrax immune serum was derived from donor outbred Hart ley s t r a i n  
guinea p ig s  vaccinated wi th  e i t h e r  MDPH o r  S te rne  spore vaccine u s ing  t h e  3 dose 
regimen. Cont ro l  guinea p ig s  were sham-vaccinated with s a l i n e ,  Se ra  were ob ta ined  
from donor and c o n t r o l  guinea p i g s  two weeks a f t e r  the l a s t  vaccine i n j e c t i o n .  A l l  
s e r a  were i n a c t i v a t e d  a t  5 6 ' ~  f o r  30 d n  before  inocula t ion  i n t o  r e c i p i e n t s .  T i t e r s  
of t h e  donor s e r a  were measured us ing  t h e  IHA and ELISA procedures (Table V I I ) .  
Blood samples f o r  serum were ob ta ined  from a l l  r ec ip i en t  guinea p igs  v i a  c a r d i a c  
puncture a t  30 h r s  a f t e r  pass ive  t r a n s f e r ,  and t h e  animals c h a l l e n  e s h o r t l y  there-  
a f t e r .  The inha led  a r 01chal lenge  dose was ca lcu la ted  t o  be 10"' and t h e  1.m. 
cha l lenge  dose was 10'*" spores .  Pre-challenged donor serum showed h igh  titers of 
humoral a n t i b o d i e s ,  whereas, marginal or no serum antibody t i t e r s  were de t ec t ed  f o r  
any of t h e  r e c i p i e n t  guinea p i g s  j u s t  p r i o r  t o  challenge. None of t h e  c o n t r o l  
guinea p ig s  t h a t  rece ived  normal guinea p ig  serum survived v i r u l e n t  cha l lenge .  
S imi l a r  r e s u l t s  were ob ta ined  i n  a r epea t  s tudy.  Only one guinea p i g  w i th in  both 
groups of pa s s ive ly  vacc ina ted  animals (MDPH vs aeroso l  chal lenge)  surv ived  t h e  
an th rax  spore  cha l langes .  The r o l e  of humors1 an t ibodies  i n  an th rax  r e s i s t a n c e ,  
however, w i l l  remain u n c e r t a i n  u n t i l  an th rax  antiserum can b. app rop r i a t e ly  
t r a n s f e r r e d  t o  r e c i p i e n t  animals  t o  y i e l d  measurable pre-challenge serum t i t ~ r s .  

State-of- the-ar t  e l e c t r o p h o r e t i c  s e p a r a t i o n  techniques and monoclonal ant ibody 
product ion procedures  were e s t ab l i shed .  I n i t i a l  s t u d i e s  have r e s u l t e d  i n  
e f f i c a c i o u s  subuni t  vaccine a g a i n s t  Cox ie l l a  bu rne t i i .  
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TABLE I. PROTECTIVE EFFICACY IN HAMSTERS OF LIVE, ATTENUATED (TC-83) AND 

FORHAtIN INACTIVATED (C-84) VE2 VACCINES VS AEROSOL (A) AND 

SUBCUTANEOUS (SC) CHALLENGE WITH TRINIDAD STRAIN OF VEE VIRUS 


CHALLENGE DEAD/TOTAL 

VACCINE Route m 3 1 ~ 
pfu (XI  

%can days to death, geometric mean 


TABLE 11. EFFECT OF SONICAtLY DISRUPTED L. PNEUMOPHILA PRSPARATIONS ON 

INFLUENZA INFECTIONS IN AKR MICE 


TREATHENT ON INDICATED DAY 

-3 0 DEAD/TOTAL 


Influenza Saline 6/19 


Influenza Legionell* supernatant 1 3 / 1 5 ~  


Influenza Legionella debris 13/15 


Saline Legionella supernatant 1/15 


Saline Legionella 2ebrie 1/15 


le his value ie significantly different than the !.nfluenza control, P < 0.01 by 
Fishcre exact test. 




TABLE 111. MEDILV INFECTIOUS DOSE OF L. PNEUMOPHILA IN GUINEA PIGS -


NO. POSITLVE/TOTAL 


DOSE INHALED FEVER^ WEIGHT- LOSS^ SEROLOGY 

Figures in parentheses are 95% confidence limits 


TABLE IV. ISOLATION OF -L. PNEIJXOPHILA FROF TiX FUR OF EXPOSED GUINEA IIGS 

SITE 


Head +3 +3 +3 +3 

Back +2 +2 +:! +2 

'score: +3 =>lo0 cfu; +2 = 50-100; +1 = <50 
%ach value is the mean of 4 detersinations 


TABLE V. ISOLATION OF L. PNZUMOPHILA FROM THE TRACHEA OF CAGEMATES OF 

INFECTED G U I N ~PIGS 


DAY ISOLATION SCORE^ 


3 +1 

4 +2.5 

'score +1 = <50 cfulplate; +2 = 50-100; +3 = >lo0 



TABLE V I .  RESPONSE OF VACCINATED GUINEA PIGS TO ANTHRAX SPORE CHALLENGE 

IM CHALLENGE AeROSOL CHALLENGE 

( r o 6 o 6 )  

SERUM TITER^ SURVIVORS SURVIVORS 
VACCINE IHA ELISA TOTAL % TOTAL X 

MDPH 558 2,878 7 1 8 ~  88 3/ab 38 

Control  
( s a l i n e )  

Control  
(room) 

a ~ e c i p r o c a l  geometric mean serum t i ter  
%o a t a t i a t i c a l l y  s i g n i f i c a n t  (x2) from each o the r  a t  P < 0.05, but 

s i g n i f i c a n t  a t  P < 0.10 

TABLE V I I .  RESPONSE OF PASSIVELY VACCINATED GUINEA PIGS TO ANTHRAX CHALLENGE 

SERUM TITER AEROSOL CHALLENGE IM CHALLENGE 

IHA ELISA ( loso9) ( 

pREa POST^ PRE POST S / T ~  SIT 

Controld 0 0 0 0 018 01 10 

MDPH 4,096 2 77,750 125 118 0/12 

Sterne  2,576 2 1,846 125 018 0111 

re - t i t e r  of donor immune serum before  paaaive t r a n s f e r  
%oat = t i t e r  of aeroo  i n  r e c i p t e n t  animals  a t  20 hra  a f t e r  pa s s ive  t r a n a f e r  
'SIT = number survivora/nurnber chal lenged 
d ~ o r m a l  guinea p ig  aerum 
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23. (U) Develop a s s a y  procedures t o  r a p i d l y  i d e n t i f y  a g e n t s  of BW and s p e c i a l  geographic  
importance.  T h i s  i n f o r m a t i o n  w i l l  be used t o  improve t h e  defense  a b i l i t y  of U.S. Forces  
t o  conduct o p e r a t i o n s  i n  a BW environment. 
24. (U) The enzyme-linked immunosorbent assay  (E1,ISA) i s  t h e  accep ted  technology.  
I n i t i a l  s t u d i e s  have c o n c e n t r a t e d  on t h e  d e t e c t i o n  of a n t i g e n  and e a r l y  an t ibody  i n  R i f t  
Val ley  f e v e r  (RVF) and Venezuelan equine  e n c e p h a l i t i s  (VEE) v i r u s e s .  
25. (U) 8110 - 8209 - Standard ized  procedures a l l o w  complete t e s t i n g  of e i t h e r  RVF o r  VEE 
a n t i g e n s  w i t h i n  5-7 hours .  Both p o l y c l o n a l  and monoclonal a n t i b o d i e s  were examined a s  
e i t h e r  c a p t u r e  o r  secondary a n t i b o d i e s  f o r  t h e  RVF ELISA. R e s u l t s  sugges t  t h a c  p o l y c l o n a l  
a n t i s e r a  a r e  g e n e r a l l y  w r e  s e r i s i t i v e  t h a n  monoclonal a n t i b o d i e s  a s  c a p t u r e  a n t i b o d i e s .  
Under op t imal  c o n d i t i o n s ,  t h e  ELISA can d e t e c t  t o  a 10-5 d i l u t i o n  of RVF a n t i g e n ;  however, 
t h e  e x a c t  a n t i g e n e t i c  mass which t h i s  r e p r e s e n t s  has y e t  t o  be determined.  I n v e s t l ~ a t i o n  
of pathogens of s p e c i a l  geographic  importance was c o n c e n t r a t e d  on hemorrhagic f e v e r s  w i t h  
r e n a l  syndrome, e s p e c i a l l y  Hantaan v i r u s ,  c a u s a t i v e  agen t  of Korean hemorrhagic f e v e r .  
The s p e c i f i c i t y  of immunofluorescent a s s a y s  f o r  r a p i d  detection of both a n t i g e n  and 
a n t i b o d y  t o  Hantaan v i r u s  was confirmed by plaque r e d u c t i o n  and n e u t r a l i z a t i o n  t e s t s .  
Because Hantaan v i r u s  has  been d e t e c t e d  i n  both l a b o r a t o r y  and wi ld  u rban  r a t s  i n  major 
As ian  urban c e n t e r s  and a s s o c i a t e d  human d i s e a s e  has been documented, we i n v e s t i g a t e d  t h e  
p o s s i b i l i t y  t h a t  Hantasn v i r u s  may have been d i semina ted  through i n t e r n a t i o n a l  s h i p p i n g .  
s t u d i e s  have examined s e r a  from wharf r a t s  cap tured  a t  v a r i o u s  OCONUS l o c a l i t i e s  and found 
p o s i t i v e  i n d i v i d u a l s  a t  s e v e r a l  v o r l d - w i d e  l o c a t i o n s .  --

I 



Body of Report 

P ro j ec t  No. 3M162770A070: Risk Assessment of Mi l i t a ry  Disease Hazards (U) 

Work Unit No. 870 BC 068: Technology Development f o r  Rapid Detect ion and 
I d e n t i f i c a t i o n  of BW Agents 

Background: 

USAMRIID has been tasked wi th  t h e  development of assay procedures t o  r ap id ly  
i d e n t i f y  microorganisms o r  t o x i n s  which a r e  p o t e n t i a l  b io log ica l  war fa re  (BW) 
t h r e a t s  o r  which have s p e c i a l  geographic importance. The goal i s  f o r  same-day 
i d e n t i f i c a t i o n  of agents .  The u n i f i e d  (common) technological  approach s e l e c t e d  f o r  
development is  the  enzyme l inked  immunosorbant assay (ELISA). Ant ic ipa ted  a n t i g e n i c  
ma te r i a l  t o  be i d e n t i f i e d  w i l l  come from c i t h e r  c o l l e c t o r  f l u i d s  of t h e  XM-2 
Col l ec to r  o r  from c l i n i c a l  samples from a c u t e l y  ill pa t ien ts .  Due t o  t h e  p a r t i c l e  
dens i t y  requi red  t o  produce e f f e c t i v e  ae roso l  t ransmission,  ant igen should be 
r e l a t i v e l y  a h n d a n t  i n  c o l l e c t o r  f l u i d  samples, while ant igen w i l l  be of v a r i a b l e  
but gene ra l l y  lower concen t r a t i on  i n  c l i n i c a l  specimens. 

Agents of concern a s  p o t e n t i  1 BW t h r e a t p aga in s t  U3 Forces tre a s  fo l lows  
Bac t e r i a  and R icke t t s i a :  Anthraxit., Tularemia Bruce l la  ; Plague ; and fever2 ;  
Viruses: Venezuelan equ ne ence h a l i t i s  (YEE)i; R i f t  Valley fever  (RVF)'; Tick-
borne e n c e p h a l i t i s  (TBE)'; Lassaf ;  Mach po (=B liv.an hemorrhagic f eve r ) ;  Juu in1

S
(-Argentine hemorrhagic f eve r ) ;  Mar way; Ebola ; a3.d hemorrhagic f e v e r s  with r ena l  
syndrome ( FRS); Toxins: Botulinum!; marine t o x i n s  , Staph. en te ro toxin3; and 
mycotoxinoB . Monoclonal an t i bod i e s  have been developed f o r  a11 agent  marked by l ;  
monoclones a r e  i n  t h e  process  of being developed f o r  those markeg by ';and 
monoclonal ant ibody s t u d i e s  w i l l  soon begin f o r  those marked by . 

Agents of primary geographic concern a r e  Bacter ia:  Sh ige l la ,  Salmonella and 
plague; Toxins: 5. c o l i ;  R i cke t t s i a :  I!. c o n o r i i ;  Viruses: R o t a v i r ~ s e s ;  Dengue 
v i ru se s ;  RVF; Sandfly f eve r  group v i ru se s ;  Congo-Crimean hemorrhagic fever ;  West 
Nile; HFRS and Chikungunya v i ru se s ,  and Pa ra s i t e s :  Malaria and sch is tosomlas i s .  

The b a s i s  f o r  t h e  s e l e c t i o n  of t h e  ELISA a s  t h e  un i f ied  technique of choice f o r  
r ap id  i d e n t i f i c a t i o n  of r m l t i p l e  agen t s  was: (A)  t h e  r e l a t i v e  ease  of opera t ion ;  
(B) s i m p l i c i t y  of equipment needed f o r  t h e  assay;  (C) the  r e l a t i v e l y  good 
s e n s i t i v i  t y  of t he  system ( d e t e c t i o n  l i m i t  approximately 0.01 ng/ml i n  e i t h e r  s a l i n e  
c o l l e c t o r  f l u i d  o r  human serum); (D) t h e  p o t e n t i a l  f o r  extreme s p e c i f i c i t r  through 
inco rpo ra t i on  of monoclonal an t i bod i e s  i n  t h e  t e s t i n g  procedures; and t h e  a b i l i t y  t o  
i d e n t i f y  d ive r se  k inds  of s i n g l e  agents  us ing  a f i n a l  common readout technique wi th  
a s i n g l e  s tandard ized  instrument .  

Epideniiological i n v e s t i g a t i o n s  have been i n i t i a t e d  on s e l ec t ed  agents  of 
s p e c i a l  geographic importance t o  b e t t e r  understand t he  p o t e n t i a l  impact of t h e s e  
agent8 on m i l i t a r y  ope ra t i ons  and t o  provide re levant  c l i n i c a l  samples f o r  t e s t i n g  
i n  developed rap id  d i a g n o s t i c  aseaya. HFRS and c e r t a i n  v i ruses  endemic i n  t h e  
Middle East  are being i nves t i ga t ed .  HFRS study samples were obtained by our  f i e l d  
team o r  suppl ied  by OCONUS co l l abo ra to r s .  Samples from tho Middle East  have 
p r imar i l y  been obtained from U S  m i l i t a r y  f o r c e s  deployed t o  t h a t  area.  



Progress: 

Studies have been directed towards the development of an ELISA capability for the 

testing of antigens (AG), and polyclonal, monoclonal, and affinity-purified 

antibodies of RVF virus. (4) Reagents used in these studies were: AG's 

hemagglutination-inhibition (HAI), Salk Lot 1-78 and Salk human vaccine TSI-GSD-200 

Lot 6 Run 2; antibodies, Salk-produced rabbit (mouse liver AG), guinea pig (FRhL 

AG), mono- or polyclonal mouse (MoAG) or affinity purified polyclonal mouse serum. 

Goat anti Mo, guinea pig (GP), or rabbit (Rb) labeled with alkaline phosphatase was 

used as AB3, and p-nitrophenylphosphate as substrate. Specific activity was read as 

optical density at 405 nm. All antibodies were used in a 4-square system in which 

each was tested against all heterologous species as either capture (AB1) or 

secondary (AB2) antibody. Results are given as the log dilution of the HA antigen 

detectable by specific sera. Using a c nstant dilution of GP serum as AB1, 

polyclonal mouse AB2 could detect a LO-' AG dilution whereas 2/13 monoclones (one 

of nucleocapsid specificity) could only detect a lo-' AG dilution. When Rb Serur 

was used as AB results were similar but the AG detection limits of all AB2 were 1 

log less in a l'studies. Aff inity purified AB was not active at the minimum AG 

dilution (10 -i). 

Reversing the conditions, i.e., using monoclones as AB1 and Rb or GP as AB 

gave similar results with the followin? obssrvetions. Polyclonal mouse was agafn 

superior, detecting a 10'~ dilu ion whereas 3/13 monoclones (2 of nucleocapsid 

specificity) could detect a LO-! AG dilution. Three additional monoclouas, 2 of 

glycoprotein specif icity plus affinity purified polyclonal mouea could detect a 10'~ 

AG dilution. 


In summary, when polyclonal, monoclonal and affinity purif ed mouse sera were 

used as AB2, polyclonal was superior, detecting 1 log less dilution) AG than 

monoclones in which only 2/13 monoclones were active at the 10'~ 1G ilution 

value. When used as capture AB f '-5 olyclonal AB again detected a lo-' LG dilution, 
3/13 monoclones could detect a 0 AG dilution and an additional 3 monoclone (2 of 

glycoprotein specif icity) and af f inity purlf ied polyclonal could detect a LO-' AG 

dilution. When vaccine was used as antigen, the same era wer generally active but 
less consistently and at lover Ai dilutions. i.e., LO-' or lo-', a factor possibly 
related to AG load. 

Current studies concern the sensitivity of the ELISA to detect AG diluted in 

whole human serum, sensitivity of protein A purified antibodies as capture and/or 

secondary AB, defining the limits of sensitivity of all sera of indicated 

usefulness, and areas to be discussed under the ancillary studies section of this 

report. 


Antigenic - All imnoassays suffer to varying degrees from a lack of Load. 

complete antigen characterizatlon, i.e., definition of total antigenic load. We 

attempt characterization by defining purity, viability, protein content, 

defectiveness, tcrtal number of particles, etc, but, in reality, finite 

characterization eludes us. 


As 8n example, the RVFV vaccine had a preinactivat on viable titer of 45.5 X 10 pFU/ml and a total particle count of 8.6 X 10 , the latter determined by 
Dr. J. White by electron microscopy. The titers indicate at least a 1000:l ratio of 

particles to TFU. This does not begin to include the the amount of amorptous 




mrrterial present  t h a t  could be v i r a l  subunits  which contribute t o  the t o t a l  r eac t ive  
ant igenic  load of the  preparat ion.  A consensus a s  t o  what const i tu tes  an t igen ic  
load does not e x i s t  and w i l l  have t o  be defined on the practical  bas is  of what 
r eac t s  an t igen ica l ly  i n  a given system by a "standard" antigen production 
preparation. The eyrtem ueed f o r  these s tud ies  is the maximum antigen d i l u t i o n  of a 
given preparat ion producing an o p t i c a l  dens i ty  (OD) of x sample - x contro l  + 2ad 

-> 0.100. Although usable in.most ins tances ,  even t h i e  "standard" va r i e s  as  new 
b o t t l e s  of antigens and con t ro l  f l u i d s  a r e  opened and deteriorat ion begins. 
Detailed records f o r  each b o t t l e  opened w i l l  allow a shel f - l i fe  t o  be determined. 

R V W  IgM ELISA. B ie to r i ca l ly ,  one rought a retrospectivs diagnosir  of v i rus  
in fec t ions  by demonstrating r 4-fold rise i n  s p e c i f i c  antibodies between acute  and 
con-ralescent sera .  This approach implied a measurement of virus s p e c i f i c  IgG. In  
1979, a  new method was developed f o r  R I A  using the  "antibody capture pr incipal"  t h a t  
has s ince  been adapted t o  ELISA f o r  de tec t ion  of v i rus  specif ic IgM antibodies.  
Such antibodies general ly develop shor t ly  a f t e r  infec t ion ,  peak rapidly,  and decl ine  
a s  s p e c i f i c  IgG is produced. Detection of s p e c i f i c  IgM by antibody capture! a ids  i n  
the  detec t ion  and i d e n t i f i c a t i o n  of s p e c i f i c  v i r a l  diseases. 

I n i t i a l  s tud ies  have determined: 1)  Sera, colunm treated t o  remove IgG and 
IgG-IgM complexes is l eas  r eac t ive  than unt rea ted  sera ,  presumably due t o  the 10-20% 
lose  of IgM during pur i f i ca t ion :  2) RVF HA1 AG i s  superior to  pur i f ied  RVF vaccine 
a t  comparable d i l ~ t i o n s ,  no doubt due t o  the  increased antigenic load contained i n  
the  HA1 AG: 3) the  number of f a l s e  pos i t ives  is l e s s  when using unfractionated 
sera.  Studies have been hampered by the  lack of adequate numbers of se ra  obtained 
e a r l y  i n  in fec t ion  o r  shor t ly  a f t e r  vaccination;  however, mw eanlples from 
volunteers receiving RVFV vaccine on research protocols haw been received and a r e  
being tes ted .  

Virus Reagent Inact iva t ion:  We a r e  tasked not only with the development of 
ELISAe f o r  various virusec but a l s o  with the  added proviso that a l l  reanents be 
nonviable p r i o r  t o  use i n  l abora to r i e s  without P-3 containmnt or  intro&xrion i n t o  
geographic reae f r e e  of s p e c i f i c  endemic disease.  Inactivation is achieved by 
cobalt-60( 68Co) i r r ad ia t ion .  Inac t iva t ion  procedures f o r  RVFV reagents were 

termined p r i o r  t o  i n i t i a t i o n  of t h i e  p ro jec t  (vaccine, formalin; HA1 BPL; se ra  
%o). 

Studies  a r e  i n  progress t o  c l e a r l y  def ine  the inactivation curves from which 
equations w i l l  be derived allowing d i r e c t  ca lcula t ions  of the amount of r ad ia t ion  
requfred t o  t o t a l l y  i n a c t i v a t e  a g i v  n concentrat ion of virus. Such s tud ies ,  fmodeled a f t e r  those of E l l i o t t  &t &, w i l l  be done f c r  a l l  viruses used i n  t h i s  
program. 

Chikungunya v i rus  ELISA. Chikungunya vi rus ,  s t r a i n  181 propagated i n  DBS-103 
118 and corresponding DBS-103 c e l l  con t ro l  f l u i d s  (inactivated by 

S8Co i r r a d i a t i o n )  and the  f  o l loving a n t i s e r a  consisting of MP s t r a i n  S-27, 
and monkey s t r a i n  S-27 were supplied f o r  t e s t i n g  by Dr .  Levitt, Virology Division. 
Monkey eerum RG-20 and guinea p ig  serum GPI-1 were supplied by Dr. Rosato, Medical 
Division. 



-- 

I n i t i a l  t e s t i n g  of each serum a a  both c a p t u r e  (AB ) o r  secondary (Aa2) 
h a s  not  r e s u l t e d  i n  c l e a r l y  d e f i n i n g  which is op t imal  f n  e i t h e r  p o s i t i o n ,  f o r  each  
r e a c t s  t o  va ry ing  degrees  w i t h  t h e  c o n t r o l  c e l l  f l u i d s .  We w i l l  c o n t i w e  t o  d e f i n e  
t h e  c o n d i t i o n s  necessa ry  f o r  a u s a b l e  Chikungunya ELISA t e s t .  

Congo Vi rus  ELISA. Congo v i  s, s t r a i n  IbAr lo200 s u p p l i e d  by 
Dr. L u s c r i ,  Virology D i v i s i o n  a s  "Co i n a c t i v a t e d  s t ickl ing mouse b r a i n  (SME) 
hoamgenate was t e s t e d  i n  a  s t a n d a r d  ELISA a g a i n s t  GP (G-18) and Mo N I H  3010) s e r c  
i n  which each serum was used a s  both  c a p t u r e  and secondary AB. A 66Co t r e a t e d  
normal SNB h m o g e n a t c  was used a s  a n  i n t e r n a l  c o n t r o l .  

I n  a l l  t e s t s  t h e  normal SMB c o n t r o l  r e a c t e d  w i t h  e q u a l  o r  g r e a t e r  i n t e n s i t y  
t h a n  t h e  v i r u s  c o n t a i n i n g  p r e p a r a t i o n .  The a d d i t i o n  of normal GP o r  Mo serum t o  a l l  
d i l u t i o n s  p o s t  AB d i d  not  a l l e v i a t e  non-spec i f i c  r e a c t i o n s .  S i m i l a r  d i f f i c u l t y  
w i t h  SMB prepara t$ons  of a r b o v i r u s e s  used i n  ELISA development h a s  been r e p o r t e d  by 
F r a z i e r  and Shope. D r .  L u s c r i  h a s  been reques ted  t o  p r e p a r e  ano ther  Congo v i r u s  
s t o c k  propsgated i n  a  c e l l  c u l t u r e  system. T e s t i n g  w i l l  begin upon r e c e i p t .  

VEE ELISA. The d e t e c t i o n  of VEE a n t i g e n  by ELISA h a s  naw been s t a n d a r d i z e d  
based on t h e  procedure  ofDr. Robert  Yolken (Johns Hopkins U n i v e r s i t y ) .  

VEE a n t i g 2 n  was d e t e c t e d  i t 1  t h e  range of 2.8 X 106 pfu/ml. I n  ~ r e v i o u s  
exper iments ,  the  same amount of VEE a n t i g e n  was d e t e c t e d  when t h e  AB used vas  
a f f i n i t y  p c r i i i e d  r a b b i t  anti-VEE and AB was p r o t e i n  A p u r i f i e d  monaey anti-VEE. 
By u s i n g  pooled h i g h e r  t i t e r e d  human ant$-YEB a s  dBZ, t h e  cumbersome p u r i f i c a t i o n  
procedure  could be e l i m i n a t e d  wi thou t  s a c r i f i c i a g  s e n s i t i v i t y .  Even when on ly  0.05 
m l  of a n t i g e n  was i n  t h e  t e s t  i n s t e a d  of t h e  unusual  0.1 ml/wel l ,  p o s i t i r e  r e s u l t s  
were ob ta ined  a t  1 0 ' ~  d i l u t i o n  of t h e  an t igen .  

Conjugat ion of r a b b i t  anti-VEE w i t h  horse  r a d i s h  pe rox idase  and u s i n g  i t  a s  AB2 
s h o r t e n s  t h e  procedure  by one s t e p  but r e t a i n s  t h e  same s e n s i t i v i t y .  A s l m i l a r  
c o n j u g a t e  prepared by Dr. Yolken d e t e c t e d  t h e  same amount of an t igen .  T h i s  
c o n j u g a t e  was used i n  a  d i r e c t  a s s a y  and no d i f f e r e n c z  i n  s e n s i t i v i t y  was noted.  

I n  o r d e r  t o  s t i m u l a t e  c l i n i c a l  specimens,  pooled normal serum was used a s  
d i  uen t  f o r  t h e  VEE a n t i g e n .  The s e n s i t i v i t y  of t h e  a s s a y  dropped by one l o g  (2.8 X 
103 pfu/O.l m l ) ,  probably due t o  con-sppc i f i c  b ind ing  by serum p r o t e i n s ,  which 
i n c r e a s e d  t h e  background read inq .  k%er~ t h e  c o l l e c t o r  f l u i d  (KPBS-Tween) was used a s  
a n t i g e n  d i l u e n t ,  no l o s s  i n  s e n s ? t i v i t y  occurred.  

The s p e c i f i c i t y  of ELISA was t e s t e d  by w i n g  e a s t e r n  equine e n c e p h a l i t i s  and 
RVPV HA a n t i g e n s .  The former  r e a c t e d  a t  1:10 d i l u t i o n  whi le  t h e  l a t t e r  was 
complete ly  non-react ive .  J t h e r  pn t igene  w i l l  be t e s t e d  when t h e y  become a v a i l a b l e .  

The s h e l f  l i f e  of m i c r o t i t e r  p l a t e s  coa ted  w i t h  r a b b i t  anti-VEE. when al lowed 
t o  d r y  aad s t o r e d  a t  ~ O C ,  i s  approximately  2  months. By day 74, t h e  s e n s i t i v i t y  had 
dccreaeed by 1-2 logs .  



There were  5 f a l s e  p o s i t i v e s  and 3 f a l s e  negat ives  (PRN t i t e r s  of 1:10, 1:40, 
and 1:80) when 100 s e r a  (PRN titers known) were screened a t  1:20 d i l u t i o n  by 
ELISA. A review of t h e  h i s t o r i e s  of t h e  5 f a l s e  pos i t i ve s  revea led  t h a t  2 of t h e  
psrsons had rece ived  VEE vaccine many yea r s  ago while  the remaining 3 had worked o r  
were s t i l l  working i n  v i r u s  l a b o r a t o r i e s  wi th  no known exposure t o  VEE. Twenty-four 
s e r a  were randomly s e l e c t e d  from a group of VEE vaccinees who were considered non-
respondors (nc demonstrable ant ibody by PRN t e s t ) .  Eleven of t he  24 s e r a  were 
p o s i t i v e  by ELISA ( t i t e r s  range 1:20 t o  1:160) of which 7 were a l s o  p o s i t i v e  by HA1 
t e s t  ( t i t e r s  range 1:10 t o  1:80); 12 s e r a  were negative! by both ELISA and HA1 
assays.  One serum was p o s i t i v e  by HA1 (1:lO) but not  by ELISA while  4 were p o s i t i v e  
by ELISA only. These 24 non-responders were o r i g i n a l l y  t e s t e d  and found nega t ive  
us ing  t h e  80% PRN assay. When they were r e t e s t e d  using t he  SOX PRN end po in t ,  15 
were p o s i t i v e  a t  1:10 d i l u t i o n s .  This  i nd i ca t ed  t h a t  the  80% PRN assay  missed low 
t i t e r  ant ibody i n  VEE vacc ina ted  i nd iv idua l s .  

A s e t  of 44 s e r a  wi th  known PRN t i t e r s  t o  VEE were t i t r a t e d  by ELISA. There 
was a good c o r r e l a t i o n  (u sua l l y  w i th in  a 4-fold d i l u t i o n )  between ELISA and PRN when 
t i t e r s  were 1:80 o r  g r e a t e r ;  however, when PRN t i t e r s  were low 
( 1.80), ELLSA r e s u l t s  were as g r e a t  a s  8 f o l d  higher .  

A t e s t  f o r  VEE-IgM ant ibody is  being developed. Progress has  been delayed by 
t he  l a ck  of s e r i a l l y  c o l l e c t e d  s e r a  fo l lowing  VEE immunization and l a c k  of p o s i t i v e  
c o n t r o l s ;  however, i n i t i a l  r e s u l t s  on s e r a  from two recent ly immunized i n d i v i d u a l s  
a r e  promising. 

Anc i l l a ry  S tudies .  The s t anda rd  RVPV ELISA (6) required 3 days f o r  completion, 
overn ight  coa t i ng  of cap tu re  AB, and f o r  a n t i g e n  r eac t i oe ,  1 h r e a c t i o n  of secondary 
AB2 and 1 h each f o r  enzyme-labeled a n t i s p e c i e s  AB3 and co1.or development. Attempts 
t o  decrease  t h e  time requ i r ed  took t h r e e  approaches. F i r s t ,  t h e  s tandard  3-day t e s t  
was compared wi th  r e a c t i o n  times of va r ious  dura t ions ;  second, combinations r a t h e r  
than  s e q u e n t i a l  a d d i t i o n s  of r e a c t a n t s ;  and t h i r d ,  the  e f f e c t  of shaking dur ing  
r e a c t i o n s  were examined. 

Resu l t s  show t h a t  both overn ight  r e a c t i o n s  (ABI, AG) a t  4C could be decreased 
t o  2 h a t  37C and t h a t  t h e  AB2 t ime of 1 h could possibly be decreased t o  30 min. 
AG time could poss ib ly  be reduced f u r t h e r  t o  1 h. Anti-species AB3 and c o l o r  
development times were not va r i ed  i n  t h i s  6 e r i e s .  A "rapid" ELISA f o r  RVF AG is now 
poss ib l e  w i th in  a working day. Other s t u d i e s  show tha t  the  combined a d d i t i o n  of AG 
and AB2 o r  AB2 and AB a s  a s i q g l e  mixture is pos s ib l e  f u r t h e r  dzc rea s ing  t e s t  time 
1.5 t o  2.0 h. ~ o m b i n j n gAG, AB2 and ABj a s  a s i n g l e  mixture does not  work. Shaking 
a t  37C on a mini o r b i t a l  appara tus  produces a s l i g h t  t o  moderate i n c r e a s e  i n  OD over  
s t a t i c  condi t ions .  

XM-2 Studies .  One of t he  requirements  of t he se  ELISA s y s t e m  is t h a t  they be 
u sab l e  f o r  an t i gen  d e t e c t i o n  wi th  samples c o l l e c t e d  by the  XM-2 b i o l o g i c a l  f i e l d  
c o l l e c t o r ,  a component of t h e  XM-19 b i o l o g i c a l  f i e l d  alarm system. I n i t i a l  s t u d i e s  
compared t h e  s tandard  RVF ELISA for 'AG d e t e c t i o n  and an ELISA i n  which s tandard  AG 
d i l u t i o n  f l u i d  w a s  rep laced  wi th  XM-2 c o l l e c t i o n  f l u i d  t ha t  had been used f o r  
ambient sampling f o r  45 min a t  1000 L of a i r /min .  No appreciable  d i f f e r e n c e s  were 
secn  i:t t h e  ODs between r eac t i on8  i n  s-anilard d i l u e n t  o r  XMs-2 f l u i d s .  Current  
modi f ica t ions  of t h e  c o l l e c t o r  f l u i d ,  i.i,, a d d i t i o n  of 0.005 M o r  0.0005 M 2-
mercaptoethanol (2-ME) a r e  now being t e s t e d  t o  determine t he  e f f e c t  of 2-ME on t h e  
ELISA test f o r  RVF AG. 



~ i d e m i o l o g y  of hemorrhagic f eve r s  with rena l  syndrome. Our f i e l d  team has  
sampled wharf r a t  populat ions a t  the  por t s  of Phi ladelphia ,  Houston, Stockton,  
Sacramento, Oakland, San Francisco and Lo8 Angeles a s  pa r t  of a  serosurvey of 
Hantaan v i r u s  among domestic wharf r a t s .  Rattus s e r a  were obtained a t  every p o r t  
sampled with the  except ion of Stockton. S igni f ican t  rodent populat ion8 were 
encountered only a t  t h e  p o r t s  of Phi ladelphia  and Houston. A l l  C a l i f o r n i a  p o r t s  had 
a c t i v e  rodent c o n t r o l  programs i n  operat ion and r e l a t i v e l y  few r a t s  were captured. 
Rodents were v i r t u a l l y  uncont ro l led  a t  the por t s  of Houston and Phi lade lphia ,  and 
m z e  ~ h a n  100 r a t s  were captured from each of these loca t ions .  Sera from a l l  
l o c a l i t i e s  have been screened by IF.\ f o r  anti-tFantaan v i r u s  antibody with t h e  
fol lowlnq r e s a l t s :  Ph i lade lphia ,  5 uuspect p a s i t i - ~ e  of 110 t e s t e d  (4%);  Houston, 12 
of 109 (11%); Sacramento, none of 8;  Oakland 1 of 5  (20%); San Francisco,  1  of 28 
(3%);  and Los Angeled, none of 4. A n t i h d y  pos i t i ve  r a t s ,  when presen t ,  appeared t o  
be c l u s t e r e d  a t  a  gtven l o c a l i t y  r a t h e r  than uniformly d i s t r i b u t e d  throughout t h e  
g r e a t e r  por t  area. A t  Ph i lade lphia ,  most antibody pos i t i ve  r a t s  were captured a t  a  
g r a i n  loading opera t ion  a t  Girard Point ,  while i n  Houston most were captured a t  
Wharf 14, a l s o  a  g r a i n  loading f a c i l i t y .  A t  Girard Poin t ,  5  of 13 (38%) were 
suspect  p o s l t i v e ,  while  a t  Wharf 14 i n  Houston, 5  of 8  (63%) were pos i t i ve .  

A plaque reduc t ion  n e u t r a l i z a t i o n  (PRN) t e s t  using t he  76-118 s t r a i n  of t i an tam 
v i r u s  has been developed and 2 of 5  s e r a  from Girard Point and 5 of 5  s e r a  from 
Wharf 14 i n  Houston neu t r a l i z ed  a t  2 l:20 d i l u t i o n  aga in s t  approximately 100 plaque 
forming u n i t s  of Hnntaan v i ru s .  

A second v i s i t  was made t o  t he  Port  of Houston during which a d d i t i o n a l  r a t s  
were co l l ec t ed  from Wharf 14. During t h i s  study an add i t i ona l  6 r a t s  were 
captured.  These were bled and tl.>eir s e r a  frozen,  plus  organ t i s s u e s  from lung, 
l i v e r ,  sp leen ,  kidney, and i n  some, hea r t  and bladder were preserved i n  formalin,  
OCT f rozen  mounting medium and a s  whole frozen t i s sue .  I n  add i t i on ,  u r i ne  was 
saved, o r  i n  t he  ca se s  where t h e  bladder was void, buffered c e l l  c u l t u r e  medium was 
f lushed  through t h e  bladder  and s to r ed  frozen. 

P r e l i d n a r y  r e j u l t s  a r e  a v a i l a b l e  from the  second sample from Wharf 14, 
Houston. Of t he  6 s e r a  t c s t e d ,  5  had t i t e r s  t o  Hantaan v i r u s  a s  fol lows:  2  a t  
1:32; 1  a t  1:512; and 2 a t  1:1024 o r  grea te r .  When t i s s u e s  from these  animals were 
examined by d i r e c t  and i n d i r e c t  IFA using high t i t e r e d  KHF convalescent human serum 
a s  a  conjugate ,  t h e  s i n g l e  ant ibody negative and both s e r a  which t i t e r e d  1:32 lacked 
Hantaan v i r u s  an t igen ,  but t i s s u e e  from the -at whose t i t e r  was 1:512 and both of 
t h e  2 1:1024 animals had Hantaan v i r u s  ant igen i n  t h e i r  t i s s u e s .  When lung t i s s u e s  
from these  animals were t r i t u r a t e d  and inoculated intramuscular ly i n t o  6 l abo ra to ry  
reared ,  serc-negat ive Wistar r a t s ,  then screened f o r  development of anti-Hantaan 
v i r u s  ant ibody 28 daya l a t e r ,  3 of *he 6 t i s s u e  suspensions inocula ted  caused t h e  
development of aati-Hantaan v i r u s  antibody i n  one o r  more of t he  r e c i p i e n t  
r a t s .  A l l  t i s s u e  suspensions which caused seroconversion had been shown prev ious ly  
t o  con t a in  Hantaaz v i r a l  an t igen .  Attempts t o  i s o l a t e  a  v i r u s  from these  r a t s  a r e  
c u r r e n t l y  i n  progress .  

A repea t  sampling was a l s o  mede a t  Girard Point i n  Phi lade lphia .  Twelve 
a d d i t i o n a l  r a t s  were cap tured  from t h a t  apparent focus of i n f e c t i o n ,  of which 8 had 
t i t e r e d  ( 2 1:256) IFA ant ibody t o  Hantaan virus .  When lung t i s s u e s  were examined 
f o r  l'erntaan v i r a l  an t i gen ,  5 were pos i t i ve ,  including one from an ant ibody nega t i ve  
r a t .  When t r i t u r a t e d  lung suspensions were inoculated i n t o  groups of 6  se ronega t ive  



Wistar  r a t s ,  one o r  more i n d i v i d u a l s  i n  each of 5 groups developed anti-Hantaan 
v i r u s  ant ibody by day 30 post inoc.;larion. Included i n  those se roconver t ing  were 2 
of 6 r a t s  inoculate: wi th  t i s s u e s  from an an t i gen  and antibody nega t ive  
i nd iv idua l .  These r e s u l t s  sugges t  t h a t  i n f e c t i o u s  virua was p r e sen t  i n  some r a t s  i n  
t h e  absence of e i t h e r  demonstrable Hantaan v i rue  ant igen o r  antibody. 

Necropey t i s e u e s  from t h e  12 Phi lade lphia  rats wet2 exaained by 
Drs. Green and C a l l i s  of t h e  Pathology Div is ion ,  USAMRIID, f o r  evidence of Hantaan 
v i r u s  induced pathology. While numerous pa thologic  condit ions were d e t e c t e d ,  
i nc lud ing  lung an(, idney l e s i o n s ,  nothing was detected which was c l e a r l y  
a t t - i b u t a b l e  t o  pa s t  o r  p resen t  Hantaan v i r a l  in fec t ion .  

Our l abo ra to ry  has  a l s o  been a c t i n g  a s  a reference f a c i l i t y  f o r  t h e  s t ~ d y  of 
Hantaan v i r u s  i n  l abo ra to ry  r a t  co lonies .  A s  such, we have screened ove r  100 human, 
r a t  ~ n d7thur  animal s e r a  f o r  anti-Hantaan v i r u s  antibody by IFA. Many of our  
p o s i t i v e  IFA r e s u l t s  and a  sample of our  nega t ive  IFA r e s u l t s  have been confirmed by 
plaque reduct ion n e u t r n l i z a t i o n  t e s t s .  Most notable  is our ongoing s tudy of Hantaan 
v i r u s  i n  t h e  r a t  co lon i e s  of t h e  Univers i ty  of Louvain, Belgium. There, s e v e r a l  
ant ibody p o s i t i v e  people have been i d e n t i f i e d ,  some of whom have a c l i n i c a l  h i o t o r y  
of a cu t e  neph r i t i e .  A l a r g e  p ropo r t i on  of r a t e  from c e r t a i n  i i b r e d  co lon i e s  t h e r e  
a l s o  con t a in  anti-Hantaan vims ant ibody.  

We have processed a sample of rat t i s s u e e ,  pr imari ly  lungs,  from e e l e e t a d  rat 
r t r a i n r  f o r  t h e  d e t e c t i o n  of Hantaan v i r a l  an t i gen  and inocula ted  r e r o a e g a t i v e  
Wirtar r o t a  t o  look f o r  a c q u i e i t i o n  of anti-Hantaan vim# antibo&j. All t i e e u e s  
proceeeed were from i n d i v i d u a l  rats which had high-t i tered IFA anti-Bantaan v i rua  
ant ibody,  wi th  t h e  except ion  of t h e  OKA s t r a i n ,  which t i t e r e d  1:16. aantaan  a n t i g e n  
was de t ec t ed  i n  t h e  lungs of 4 r a t s ,  s t r a i n s  LOU, LL, LOU/OKA and LM. 
Seroconversion was de t ec t ed  i n  r a t s  inocula ted  with t i s sues  of only 2 s t r a i n s ,  LOU 
and Euro. We p lan  t o  process  t h e s e  t i s s u e s  f u r t h e r  i n  an at tempt  t o  recover  a c e l l  
c u l t u r e  s t r a i n  of v i rue .  

Recent s t u d i e s  by our  l abo ra to ry  on human and rodent sera c o l l e c t e d  from 
va r ious  l o c a l i t i e s  i n  no r the rn  B r a z i l  i n d i c a t e  tt tat  an agent s i m i l a r  o r  i d e n t i c a l  t o  
Hantaan v i r u s  18 presen t  i n  t h a t  a rea .  S p e c i f i c ~ l l y ,  of 21 Rat tu s  norvegicurl 
c o l l e c t e d  from urban a r e a s  of Belem, 8 had p o a i t i v e  IFA i s a c t i o n s  (L+2 a t  1:32 
d i l u t i o n ) ,  and 5 of t h e s e  8 s e r a  t i r e r e d  1:2048. A sample of t h e s e  s e r a  have been 
examined under code by D r .  Lee of N I H  and our  pos i t i ve  r e s u l t s  were confirmed by 
him. I n  add i t i on ,  Dr .  Lee s u c c e s s f u l l y  blocked t he  IFA r e a c t i o n  wi th  r e f e r ence  
anti-Hantaan v i rue  ant iserum. He a l e o  t e s t e d  these  s e r a  by IFA a g a i n s t  NE a n t i g e n  
i n  i n f e c t e d  vo le  lung t i s s u e s .  Resu l t s  were e!.ther negative or 1:16 on t h e  2 sera 
examined. 

Human sera from va r ious  r u r a l  1ocaI . i t i es  i n  northern Braz i l ,  excluding Belem, 
have been r e s t e d  by IFA and s e v e r a l  have been found pos i t ive ,  gene ra l l y  I n  t i e r s  
1:32-1:128. Of 8 s i t e s  sampled i n  Para  S t a t e  t o t a l i n g  37 s e r a  examfned, 4 sited and 
7 e e r a  were p o s i t i v e  (21:32 t i t e r ;  an  a d d i t i o n a l  4 s e r a  had 1:8 r eac t i ons ) .  Of 3 
sera eampled from 2 s i t e s  i n  Amazonas S t a t e ,  one serum had a  1:32 t i t e r ,  one 1:8, 
and one wae nega t ive .  A l l  37 s e r a  were prev ious ly  t e s t ed  and found t o  be p o s i t i v e  
by Dr .  Ho Wang Lee i n  Korea. 

We a r e  cont inu ing  ou r  i n v e s t i g a t i o n  of Hantaan v i rus  i n  3 r a z i l .  We have 
received a d d i t i o n a l  r a t  s e r a  from f o c i  of I n f e c t i o n  i n  Relem; however, we have y e t  



t o  examine them. We have a l s o  r e c e i v e d  l i m i t e d  t i s s u e  samples  f o r  a n t i g e n  
d e t e r m i n a t i o n s  and v i r u s  i s o l a t i o n  a t t empts .  An a t t e m p t  t o  i d e n t i f y  human i l l n e s s  
caused by Hantaan v i r u s  i n  B r a z i l  i s  a g o a l  f o r  t h e  coming yea r .  

We have c o l l a b o r a t e d  w i t h  Dr. Dave Robinson of t h e  NAMRU-3 l a b o r a t o r y  i n  Egypt 
i n  o u r  i n v e s t i g a t i o n  of HanLaan v i r u s .  He has  provided 144 rat s e r a  from 3 p o r t  
l o c a l i t i e s  i n  Egypt which we have examined by IFA f o r  ant i -Hantaan v i r u s  an t ibody .  
S i x  s e r a  have been found p o s i t i v e ,  of which 2 from P o r t  S a i d  were h i g h  
t i t e r e d .  Both were from a s i n g l e  l o c a l i t y  and a d d i t i o n a l  s e r a  from t h i s  
l o c a t i o n  a r e  c u r r e n t l y  being examined. We hope t o  o b t a i n  t i s s g e s  from r a t s  
c o l l e c t e d  i n  t h i s  a r e a  i n  t h e  n e a r  f u t u r e  f o r  v i r u s  i s o l a t i o n  a t t e m p t s .  

We have r e c e i v e d  100 human s e r a  fom sewer workers  of Hamburg, Ca-rmany. 
These p e r s o n s  were presumably h i g h l y  exposed t o  rats and might be expec ted  t o  
have a n t i b o d y  t o  Hantaan v i r u s .  We have sc reened  a l l  100 by IFA, but found 
none . r e a c t i v e  of a !:8 d i l u t i c n .  Attempts t o  c a p t u r e  r a t s  from Hamburg are 
now i u  p r o g r e s s  and t h i s  s t u d y  con t inues .  

Dr. Doug Wat ts  of USAMRIID has  o b t a i n e d  101 R a t t u s  norveg ious  s e r a  f rom 
Chincoteague,  V i r g i n i a ,  which we have examined f o r  ant i -Hantaan v i r u s  
an t ibody .  Eleven s e r a  were found p o s i t i v e ,  most from a p i g  farm. A d d i t i o n a l  
s t u d i e s  i n  t h i s  a r e a  a r e  planned. 

S e r a  from r a t s  c a p t u r e d  i n  Rangoon, Burma and Mombasa, Kenya are 
c u r r e n t l y  a w a i t i n g  t e s t i n g .  
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P r o j e c t  No. 3M162770A871: P reven t ion  of M i l i t a r y  Disease  Hazards (U) 

Work Uni t  No. 871 BA 150: P reven t ion  of BW Diseases  Caused by Microb ia l  
Toxins 

Background: 

Among t h e  b a c t e r i a l  t o x i n s  cons ide red  t o  be p o t e n t i a l  BW a g e n t s ,  t h e  8 l e t h a l-
t o x i n s  produced by t h e  bec te r ium Clos t r id ium hotolinum and t h e  l e t h a l  t o x i n  complex 
produced by t h e  hac te r ium B a c i l l u s  a n t h r a c i s  a r e  of g r e a t  concern.  

B o t u l i n a l  n e u r o t o x i n s  (NT) remain t h e  most p o t e n t  b i o l o g i c a l  t o x i n s  known. 
T h e i r  e a s e  of p roduc t ion ,  s t a b i l i t y  and l e t h a l i t y  a s s u r e  t h e i r  p o s i t i o n  a s  v e r y  h i g h  
p r i o r i t y  t o x i n s  f o r  p o t e n t i a l  u s e  a s  o v e r t ,  c o v e r t ,  t e r r o r i s t  a n d l o r  BW a g e n t s  
a g a i n s t  U.S. m i l i t a r y  and /o r  c i v i l i a n  popu la t ions .  The p r o t e c t i o n  of p e r s o n n e l  a t  
r i s k  through exposure  t o  t h e  b o t u l i n a l  neuro tox ins ,  t h e  t r ea tment  of exposed i n d i -  
v i d u a l s  and t h e  rapLd de t rc ' ion  of t h r e a t  t o x i n s  a r e  a l l  of c o n s i d e r a b l e  concern  t o  
both  t h e  f i e l d  commander and t h e  a t - r i s k  l a b o r a t o r y  worker. The b o t u l i n a l  t o x o i d  
c u r r e n t l y  i n  u s e  t o  induce  a c t i v e  immunity i n  i n d i v i d u a l s  a t  r i s k  is d e r i v e d  rrom 
f o r m a l i n - i n a c t i v a t e d  t y p e  A, B, C ,  D, and E t o x i n s ,  T h i s  product  was produced by 
Parke-Da-lis, under c o n t r a c t  t o  t h e  U.S. Army, i n  1958, The Parke-Davis p e n t a v a l e n t  
t o x o i d  c o n t a i n s  o n l y  abou t  10% neurotoxoid  and induces  s u s t a i n e d  measurable  a n t i b o d y  
t i t e r s  on ly  a f t e r  a s e r i e s  of 4  i n j e c t i o n s  admin i s t e red  over  a p e r i o d  of 1 yea r .  
Mild l o c a l  r e a c t i o n s ,  i n c l u d i n g  i n d u r a t i o n ,  erythema, and p a i n  at  t h e  s i t e  of i n j e c -
t i o n ,  a r e  ccmmon. A s u b s t a n t i a l l y  improved immunogen, p repared  from h i g h l y  p u r i f i e d  
n e u r o t o x i n s  and c a p a b l e  of i n d u c i n g  a  h i g h  degree  of p r o t e c t i v e  immunity t o  poison-
i n g  by a l l  8 known t y p e s  of b o t u l i n a l  t o x i n ,  is long overdue.  Toward t h i s  end, 
o p t i m a l  f e rmento r  c o n d i t i o n s  f o r  t h e  p roduc t ion  of type  A, B, and E n e u r o t o x i n  have 
been developed by USAMRIID s c i e n t i s t s  (!, 2, 3).  

Linti l  r e c e n t l y ,  t h e  o n l y  a n t i t o x i n  a v a i l a b l e  f o r  t h e  t r e a t m e n t  of b o t u l i s m  
p a t i e n t s  was p repared  i n  h o r s e s  and provided t o  t h e  U. S. by a Canadian f i rm.  The 
e q u i n e  a n t i t o x i n  i n i t i a t e s  adverse  r e a c t i o n s  i n  many r e c i p i e n t s  and is  u s e f u l  f o r  
t h e  n e u t r a l i z a t i o n  of on ly  5  (ABCDE) of b o t u l i n a l  neuro tox ins .  

Treatment w i t h  s p e c i f i c  a n t i t o x i n  does no t  r e v e r s e  e x i s t i n g  b o t u l i n a l  t o x i n -
induced p a r a l y s i s .  Hovever, t h e  conpound 3,4-Diaminopyrldine (3,4-DAP) is  
t r a n s i e n t l y  e f f e c t i v e  i n  a n t a g o n i z i n g  t h e  blockage of t r a n s m i t t e r  r e l e a s e  r e s u l t i n g  
from b o t u l i n a l  po i son ing  ( 4 ,  5) .  The compound is t h e  p i l o t  d rug  under  h v e s t i g a t i o n  
as p a r t  of a n  e f f o r t  t o  deve lop  a  chemotherapeut ic  approach t o  t h e  t r e a t m e n t  of 
botul ism.  

The mouse b i o a s s a y  methods now a v a i l a b l e  f o r  d e t e c t i n g  and a s s a y i n g ,  i n  a  
v a r i e t y  of media, nanogram q u a n t i t i e s  of b o t u l i n a l  t o x i n  a r e  both  time consuming and 
cumbersome p rocedures  and r e q u i r e  c o n s i d e r a b l e  modernizat ion.  A convers ion  t o  new 
technology i s  a l s o  overdue,  even though t h e  bioassay is ex t remely  s e n s i t i v e .  

Anthrax h a s  long  been c o n s i d e r e d  a  p o t e n t i a l ,  h i g h l y  e f f e c t i v e  BW agen t  a g a i n s t  
which USAMRIID must deve lop  improved medical  de fens ive  measures. Of p a r t i c u l a r  
concern  is t h e  development of e f f e c t i v e  medical  countermeasures  t o  t h e  a e r o s o l  
deployment of a n t h r a x  s p o r e s .  The s p o r e s  of B a c i l l u s  a n t h r a c i s  a r e  ex t remely  s t a b l e  



under normal cond i t i ons  and show a h igh  degree of r e s i s t ance  t o  i n a c t i v a t i o n  by 
s tandard  decontamination procedures. These c h a r a c t e r i s t i c s  make t h e  use  of an th rax  
spo re s  as a b i o l o g i c a l  war fa re  agent  a t h r e a t  t o  be reckoned with. Ear ly  c l i n i c a l  
s i g n s  of pulmonary an thrax  a r e  somewhat d i f f i c u l t  t o  i n t e r p r e t ,  making d i agnos i s  
d i f f i c u l t ,  and once e s t a b l i s h e d  t h e  c l i n i c a l  i l l n e s s  progresses r ap id ly .  Evenly i f  
r a p i d l y  diagnosed t h e r e  is no consensus of opinion on the optimal t rea tment ,  There 
a r e  3 d i s t i n c t  components of t h e  an th rax  t o x i n  complex: l e t h a l  f a c t o r  (LF), edema 
f a c t o r  (EF), and p r o t e c t i v e  an t i gen  (PA). B io log i ca l  a c t i v i t y  has no t  been des- 
c r i bed  f o r  PA, a s i d e  from i ts  immunizing e f f e c t s .  However, PA is requi red  f o r  
express ion  of t h e  b i o l o g i c a l  a c t i v i t y  of LF and EF, It is presumed t h a t  PA is a 
major immunogen i n  t h e  cu r r en t  an th rax  vaccine and t h a t  antibody t o  PA is h ighly  
e f f e c t i v e  i n  prevent ing  anthrax.  The c u r r e n t l y  ava i l ab l e  anthrax vaccine has sev-
e r a l  l i m i t a t i o n s .  The immunization schedule f o r  humane cons i s t s  of 3 i n i t i a l  doses 
(0.5 m l  each)  a t  0 ,  2, and 4 weeks followed by boos te rs  ar 6, 12, and 18 months; 
yea r ly  boos te rs  a r e  needed t h e r e a f t e r  t o  maintain immunity (6). The impuri ty  of t h e  
an thrax  vaccine may c o n t r i b u t e  t o  t h e  common occurrence of unpleasant  s i d e  e f f e c t s  
and t o  t h e  low t i t e r s  of induced immunity. A more e f f ec t i ve  an thrax  vaccine,  one 
which induces h igh  titers of p r o t e c t i v e  immunity i n  a r e l a t i v e l y  s h o r t  t ime and 
a f t e r  only a few i n j e c t i o n s ,  is  h ighly  de s i r ab l e .  

-Progress:  

Numeroue s t u d i e s  were conducted by Dr .  Lynn Siege1 t o  determine opt imal  cond- 
i t i o n s  f o r  t h e  formal in  type  A b o t u l i n a l  neurotoxin. (All U. S. l i c ensed  toxoids  
have been produced with formalin.) A l l  neurotoxin preparat ions i n a c t i v a t e d  by 0.6% 
formal in  were rendered nontoxic w i th in  72 hours. To fur ther  a c c e l e r a t e  toxoid ing  
cond i t i ons ,  type A neurotoxin was incubated wi th  0.6% formalin i n  t h e  presence of 
0.01 and 0.1 M L-lysine o r  without  l y s ine .  A l l  preparat ion8 conta in ing  l y s i n e  were 
d e t o x i f i e d  w i th in  48 hours  and remained nontoxic dur ing  28 days of sampling. 

In  gene ra l ,  an t i gens  prepared wi th  formal in  a r e  more immunogenic when combined 
w i th  an adjuvant .  Therefore,  t h e  e f f i c a c y  of I f l u i d  type A neurotoxoid versus  an 
aluminum hydroxide adsorbed neuraroxoid was eva lua ted .  (Only a ludnum compounds a r e  
used a s  ad juvants  i n  toxoids  l i c ensed  i n  t h e  U. S.) Type A neuro-toxoid prepared 
w i th  0.6 formal in  (28 days incuba t ion)  was adsorbed t o  Al(0H) ( f i n a l  concen t r a t i on  
of Al(OH)3, 4 mg/ml). Mice immunized wi th  var ious  concentrat2ons of f  h i d  o r  
Al(OH),, prepared toxoid were chal lenged wi th  one of severa l  t ox in  doses and t h e  
degree of p r o t e c t i o n  provided by each neurotoxoid was determined. Mice i n j e c t e d  
wi th  fku id  toxoid,  l i k e  those  i n  t h e  ~ o n t r o l  groups, d id  not su rv ive  t h e  lowest  
cha l lenge  dose of crude t o x i n  (1  x 10 LDsO). However, mice i n j  c t e d  wi th  t h e  3Al(OHI3 adsorbed neurotoxoid surv ived  a c sa l l enge  dose of 2 x 10 LDSO. 

A pre l iminary  experiment was performed t o  compare the k i n e t i c s  of de tox i f i ca -
t i o n  by formaldehyde (0.6% formal in ,  equ iva l en t  t o  0.0739 M formaldehyde) w i th  
d e t o x i f i c a t i o n  by an equimolar concen t r a t i on  of glutaraldehyde, Type A neuro toxin  
( f i n a l  concent ra t ion ,  5.0 X lo6 LD O / m l )  was rendered completely nontoxic f o r  mice 
i n  30 minutes. I n  c o n t r a s t ,  0.6% ?ormalin requi red  more than 72 hours t o  t o t a l l y  
i n a c t i v a t e  t h e  neurotoxin,  



Considerable progress has been made in determining the best conditions for the 

production of highly effective botulinal irninunogens. Tn anticipation of the optimal 

formulation cf these new toxoids, studies were initiated with the Aerobiology Divi- 

sion to test the efficacy of both the currext and newly developed botulinal toxoids 

against an aerosol toxin challenge. 


The initial evaLuation in 23 volunteers of Botulinum Toxoid Adsorbed Monovalent 

(E), Lot 47007, produced by the Michigan Department of Public Health, was completed 

during this reporting period. Neutralizing activity for type E botulinum toxin was 

first detected in sera collected, from 11 of 12 volunteers receiving a complete 

immunization series, on day 91, which was 7 days after the third toxoid injection 

(TABLE I). The arithmetic mean titer was 0.298 IU/ml and by fourteen days after the 

third inoculation (day 98) the mean titer was 0.714 IU/ml. Ten of the eleven volun- 

teers demonstrated substantial antibody responses after the third toxoid immuniza- 

tion; however, the eleventh volunteer did not seroconvert. Lot 17007 of the monova- 

lent (E) botulinal toxoid proved to be a safe and efficacious product for the induc- 

tion of substantial titers of neutralizing activity to type E btulinal toxin. 


TABLE I. IMMUNE RESPGNSES OF VOLUNTEER GROUPS INOCULATED WITH BOTULINUM 

TOXOID ADSORBED MONOVALENT (E), LOT 87007 


VOLUNTEERS ARITHMETIC MEAN TITER 
INOCULP-TED DAY lu/mla 

ob Undetectable 

1 4 ~  Undetectable 

28 Undetectable 

Undetectable 

Undetectable 

'International Units/ml serum. An in vivo (mouse) measure of serum neutralizing 

gctivity for type E botulinal toxin. 

Inoculation subcutaneously with monovalent (type E) borulinum toxcid, Lot 17007. 


In a collaborative/contractural effort between LTC Lewis and MAJ Crumrine of 
USAMRIID and Dr. Richard Condie of the University of Minnesota the first two of four 
large production lots of Botulinum Immune Glbbulin (Human) Pentavalent (ABCDE) were 

fractionated. Lot #lA was derived from 226 liters of Botulism Immune Plasma 

(Human), Ind-1332. Lot #lA consists of 609.8 gm of IgG which has been divided among 

530, 10 m l  vials. This lot is < 99% pure human IgG, non-pyrogenic, sterile, does 
not induce platelet aggregation, does not contain substantial anti-C 1 activicy and 

ia provided at 1.03 gm/vial, frozen. This product is labeled as Botulism Immune 

Clobulin (Human) Pentavalent (ABCDE) and contains toxin neutralization activity tor 

five botulinal neurotoxins. The product contains > 99% monomeric IgG, which is a 
considerable improvement over commercially availabie human immune globulin products 




such a s  Gamston Human IgG, Bio-Test I n t r a g l o b u l i n  I.V. Human Gammaglobulin, Cu t t e r  
Modified Immune Globulin (Human) and t he  equine der ived  botulism a n t i t o x i n  (ABE) 
produced by Connaught Labora tor ies .  

Lot #lB has been f r a c t i o n a t e d  and is c u r r e n t l y  being tes ted  f o r  neut ra l . i z ing  
a c t i v i t y  p r i o r  t o  b o t t l i n g .  Toxin n e u t r a l i z i n g  a c t i v i t y  is expected t o  be equiva-
l e n t  t o  t h a t  of IVBG l o t  81A. 

A second collaborative/contractural e f f o r t  wi th  Dr. Condie involves  a  determi-
na t i on  of t he  method(s) which w i l l  produce t he  bes t  y i e l d s ,  highest  t ox in  n e u t r a l i z -  
i n g  a c t i v i t y ,  t h e  most h igh ly  p u r i f i e d  and t h e  l e a s t  immunogenic Heptavalent 
(ABCDEFG) Botulism Immune Globulin (Equine) product.  To date ,  two p i l o t  l o t s  of 
hep tava len t  botul ism immune plasma coLlected from t h e  Army-owned horse " F i r s t  
F l igh t" ,  have been f r a c t i o n a t e d  by two d i f f e r e n t  methods. Aliquots of t h e  f i n a l  
immune g lobu l in  product were t r e a t e d  wi th  d i f f e r e n t  concentrat ions of pepsin f o r  t he  
purpose of determining which concen t r a t i on  of pepsin is  optimal f o r  p repar ing  t h e  
l e a s t  immunologically adverse (most completely despec ia ted)  product having t h e  
h ighes t  n  u t r a l i z i n g  a c t i v i t y .  Pepsin t reatment  reduces the i n t a c t  IgG molecule t o  
i t s  F(ab) S fragment. However, t he se  pepsin-generated fragments r e t a i n  t h e i r  a b i l i t y  
t o  n e u t r a l i z e  types  A,  B and E b o t u l i n a l  t o x i n s ,  a s  is i l l u s t r a t e d  i n  Table 11. 

Five hundred l i t e r s  of hep tava len t  equine plasma w i l l  be f r a c t i o n a t e d  us ing  t h e  
procedure employing 6% pepsin. High performance l i q u i d  chromatographic s t u d i e s  on 
p i l o t  l o t s  of t h i s  m t e r i a l  show t h a t  t h e  de spec i a t i on  process r e s u l t s  i n  s i g n i f i -  
can t  conversion of t h e  i n t a c t  IgG t o  a  97,000 M.W. molecule. The r e s u l t i n g  product 
con t a in s  few, i f  any, aggrega tes  and few fragments.  

The e x i s t e n c e  of a n t i g e n i c a l l y  d i s t i n c t  b o t u l i n a l  neurotoxins sugges ts  p robable  
d i f f e r e n c e s  i n  s t r u c t u r e ,  b i o l o g i c a l  a c t i v i t i e s  and t he  s t ructure-funct ion r e l a t i on -
s h i p  among the se  tox ins .  Two d i s t i n c t  " s i t e s , "  one reeponsible f c r  a n t i g e n i c i t y  and 
t h e  o t h e r  f o r  t o x i c i t y ,  were de t ec t ed  f o r  neurotoxins types A and E by a 
US.4MRIID/MRDC extramural  c o n t r a c t o r ,  D r .  Don Das Gupta (7). Dr. Lawrence S e l l i n  of 
USAMRIID then  compared inhouse, on t h e  ba s i s  of c e r t a i n  e l ~ c t r o p h y s i o l o g i c  para- 
meters ,  t h e  neu ro tox i c i t y  of t he se  two tox ins .  The s tudy u t i l i z e d  h ighly  p u r i f i e d  
neurotoxins (Mol. W t .  = l!iO,OOO), each produced by D r .  Das Gupta, and revealed 
cons iderab le  d i f f e r e n c e s  i n  t h e  potency and du ra t i on  of t he  e f f e c t s  of types  A and E 
b o t u l i n a l  neurotoxin8. Local blockade of t r a n s m i t t e r  re lease  was produced by sub-
l e t h a l  i n j e c t i o n  of e i t h e r  t o x i n  when adminis te red  subcutaneously above t h e  a n t e r i o r  
t i b i a l i s  mrscle of a d u l t  male r a t s .  A t  var ious  i n t e r v a l s  a f t e r  i n j e c t i o n ,  an exten- 
s o r  digitorurn longus nerve-muscle p r epa ra t i on  from a poisoned r a t  was examined f o r  
a l t e r a t i o n s  i n  m s c l e  mechanical p r o p e r t i e s  ( i n  v ivo)  o r  e lec t rophys io logica l  
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TABLE 11. BOTULINAL TOXIN NEUTRALIZING ACTIVITY I N  TWO PILOT LOTS OF 
HEPTAVALEMT BOTULISM IMMUNE GLOBULIN (EQUINE) TREATED WITH PEPSIN 

NEUTRALIZING ACTIVITY F (abIqa  

PROTEIN Toxin type 

LOT/SAMPLE A B E 

Lot 07, 10 Nov 81 

Plasma 47.9 224 28 160 

IgG 1% pepsin 21.3 282 5 6 127 

IgG 3X pepsin 20.9 224 89 20 1 

IgG 6% pepsin 19.8 282 89 20 1 

IgG 9% pepsin 21 .O 224 7 1 160 

Lot 04, 15 Dec 81 

Plasma 17.1 224 48 144 

LgG 3% pepsin 16.6 224 2 4 576 

IgG 6%(a)  pepsin 20.1 224 48 144 

IgG 6X(b) pepsin 19.5 224 76 181 

IgG 9% pepsin 50.2 224 48 181 

a ~ n t e r n a t i o n a l  Uni t s  a s  determined i n  vivo (mouse) 

p r o p e r t i e s  ( k v i t r o ) .  For both s i n g l e  twitch and t e t a n i c  tens ion ,  muscle t r e a t e d  
wi th  low (56 L D p s e s  of type E NT recovered from an i n i t i a l  depress ion  of 
p a r a l y s i s  (induced wi th  565 LD5 by 7 days a f t e r  NT i n j e c t i o n ,  while  those t ~ e a t e d  
with only 5 LDSO of type A remayned s i g n i f i c a n t l y  depressed through 10 days. Also, 
both min ia ture  end-plate p o t e n t i a l  frequency and mean quanta1 content  (m) were 
reduced t o  a g r e a t e r  ex t en t  and f o r  a longer  per iod of time f o r  uusc les  t r e a t e d  wi th  
type A NT ( 3  LDS0) than f o r  those  t r e a t e d  wi th  20 t o  282 LD50 of type E. Both type 
A and E botulinum NT produced a "denervation-like" syndrome. Type E neurotoxin was 
l e s s  e f f e c t i v e  i n  producing denervat ion-l ike e f f e c t s  than was type A neurotoxin. 

This  s tudy demonstrated f o r  t he  f i r s t  time under the  descr ibed experimentai  
condi t ions ,  t h a t  p u r i f i e d  b o t u l i n a l  neurotoxin type E is l e s s  po ten t ,  and i n  i t e  
e f f e c t  is s h o r t e r  i n  du ra t i on  than type A b o t u l i n a l  neurotoxin. 

A l im i t ed  e f f o r t  cont inues  t o  address  t he  development of chemotherapeutic 
approach t o  t he  t reatment  cf botulism. Towarda t h i s  end prel iminary da t a  generated 
dur ing  t h i s  r epo r t i ng  period suggest  t h a t  t he  combined e f f e c t  of 1 M 3,4-DAP and 10 
id4 neoetigmine is more e f f e c t i v e  i n  antagonism of b o t u l i n a l  induced rrmscular paraly- 
a l e  than f e  3,4 DAP o r  neostigmine alone. 
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During the past year substantial progress has been msde toward the goal of 

developing a new and highly immunogenic anthrax vaccine. Numerous pilot lots of 

purified protective antigen (PA) have been prepared using a variety of new 

approachea. The purified PA has ZJ molecular weight of % 85,000 and a purity of 
95%. This highly purified and soluble PA was converted to a more potent immunogen 

by adsorbing it onto an aluminum hydroxide gel adjuvant. Soluble and adsorbed PA 

preparations were evaluated at3 inducers of protective humoral antibody in the only 

standard model for such testing, the guinea pig. 


A recond major effort was undertaken in an attempt to develop a comparative 

data base on the efficacy of the American and British produced anthrax vaccines. 

Thlr effort vas collaborative in nature between British and U S M I I D  ecientists. 

Standard efficacy trials for the evaluation in guinea pig8 of the two human anthrax 

vaccines vary considerably between the USA and the UK a8 to antigenic dose and 
immunization schedule. Results of the British evaluation are yet to be finalized. 

However, Dr. Anaa Johnson-Winegar has made considerable progrcsa on behalf of the 

USAMRIID effort, as can be deduced from Table 111. The lot of American produced 

anthrax vaccine appears, in this initial pilot study, to induce higher titers to PA 

and to insure greater survival rates at all dilutions tested than does equivalent 

doses of the lot of British vaccine tested. 


During this reporting period over 1,000 samples of human aera have been eval- 

uated for the presence of anthrax (anti-PA) specific antibody. Table IV summarizes 

data from the titration of 190 of these sera, each collected at 14 days after comp- 

letion of the initial eerier (3 immunizations) of imaunizations vith the American 

anthrax vaccine, The heterogenous humoral response is evidenced in Table IV and the 

data witnesses the need for a vastly improved anthrax immunoger~ in that 24% of those 

immunized responded with a 1:8 titer. 


TABLE 111. IMMUNE RESPONSE OF VACCINATED GUINEA PIGS 


ANTHRAX TITER AFTER^ SURVIVORS/ TITER AFTER^ 
VACCINE DOSE VACCINATIP TOTAL CHALLENGE 

American Vaccine 

1:2 dilution 512 (128-2038) loll0 All 4096 

1:6 dilution 1024 (128-4096) 11/12 All 4096 

1:20 dilution 11.3 (Neg-64) 13/13 334 i16-4096) 

1:60 dilution 64 (Neg-128) 14/14 37.6 (Neg-256) 

British Vaccine 

1:2 dilution 25.4 (Neg-128) 13/13 19 (Neg-2048) 

1.6 dilution All negative 13/15 4.2 (Neg-512) 

1:20 dilution All negative 9/15 All negative 

1:60 dilution All negative 10115 All negative 

Sa 1ins All negative 0/10 

a~ao.-aetri~
mean mean (range) at 14 days. 




TABLE I V .  IMMUNE RESPONSE OF VACCINATE9 HUMANS 

'IHA f o r  PA, r ec ip roca l  of t i t e r .  

Considerable  e f f o r t  was devoted t o  t he  development of an ELISA f o r  t he  rap id  
de t ec t i on  of humoral ant ibody (humau) s p e c i f i c  f o r  t he  components of an th rax  
toxin.  I n i t i a l l y ,  comparisons were made between the  s tandard IHA and a f i r s t  gener- 
a t i o n  ELISA as ing  our  h igh ly  p u r i f i e d  PA a s  t h e  s p e c i f i c  cap ture  ant igen.  To d a t e ,  
p i l o t  d a t a  generated only on t h e  s e r a  of immunized animals does lot i n d i c a t e  a high 
degree of c o r r e l a t i o n  between t h e  two techniques, I n  p a r t  t h i s  l ack  of c o r r e l a t i o n  
may be explained by t he  apparent  a r ray  of immunoglobulins induced by .-nd e p e c i f i c  
f o r  t he  heterogenous p ro t e in  c o n s t i t u t i o n  of t he  s tandard an thrax  vaccines.  The IHA 
and ELISA tecun::ques d e t e c t  an t ibodies  of d i f f e r e n t  s p e c i f i c i t i e s .  Prel iminary 
experiments using t he  Western b lo t  technique have revealed t h a t  s e r a  from humans 
r ece iv ing  anLhrax vaccines conta ins  antibody f o r  a v a r i e t y  of e x t r a c e l l u l a r  p ro t e in s  
presen t  i n  c u l t u r e  superna tan ts  of E. an th rac i s .  

Presen ta t ions :  

i .  Lewis, Jr., G. E. Passive acqu i s i t i on  of immunity t o 2 s t r i d i u m  botulinum 
type B tox in .  Presented,  Interagency Botulism Research Coordinat iag Committee, 
Ph i lade lphia ,  PA, 5-6 October 1981. 

2. Lewfs, Jr., G. E. Evaluat ion of a botulinum toxoid ( type  B) i n  thorough- 
bred broodmares. Presented,  62nd Conference of Research Workers i n  Aninal Diseases, 
Chicago, IL, 7-10 Novemberl981. 

3. Levis ,  Jr., G. E., S. S. Kulinski ,  D. W. Reichard and J. F. Metzger. 
Detect ion of C los t r i d i rm  botulinum type G t ox in  by enzyme-linked immunoeorbant 
assay.  Presented,  American Associat ion of Equine P r a c t i t i o n e r s ,  New Orleans,  LA, 
December 1981. 

4. Johnson-Winegar, A. D. Evaluat ion of the  p ro t ec t i ve  an t igen  component i n  
e s t a b l i s h i n g  immunity t o  anthrax.  Presented, Review of t h e  USAMRIID Anthrax Pro- 
gram, WRAIR, Washington, DC, 1 December 1981. 



5. Johnson-Winegar, A. D. Immunizing a c t i v i t y  of the p ro t ec t i ve  an t i gen  
component of Bac i l l u s  an th rac i a .  Presen ted ,  Profess iona l  S ta f f  Meeting, USAMRIID, 
FT Det t ick ,  ME, 28 January 1982. 

6. S e l l i n ,  L. C. The a c t i o n  of botulinum toxin a t  the neuromuscular 
junc t ion .  Presented,  Biology Departmen'. Seton Hall  University, South Orange, N J ,  
14 October 1981. 

Pub l i ca t i ons :  

1. Lewis, G. E., Jr. 1981. Ed i to r ,  Biomedical Aepects of Botulism. Acade-
mlc Presa ,  Inc., NY. 

2. Lewis, G. E., Jr. 1981. Approaches t o  the  prophylaxis, imaunotherapy, 
and chemotherapy of botulism, pp. 261-270. -I n  Biomedical aspects  of botul ism (G. E. 
Lewis, Jr., e d ) ,  Academic Prese ,  Inc., NY. 

3. Lewis, G. E., Jr., S. S. Kul insk i ,  D. W. Reichard, and J. F. Metzger. 
1981. Detect ion of C los t r i d ium botulinum type G tox in  bj enzyme-linked immune 
sorbant  assay.  Appl. Environ. Microbial. 212:1018-1022. 

4. Lewis, G. E., Jr., S. S. Kulinaki ,  E. H. Fal lon,  J. P. Klyza, and J. T. 
Bryane. 1982. Evaluat ion of a botulinum toxoid,  type IS, foz the  prevent ion of 
Shaker f o a l  syndrome. Proceedings of 27th Annual Meeting of t he  American Associa-  
t i o n  of Equine P r a c t i t i o n e r s .  

5. Anderson, J. H. and G. E. Lewis, Jr. 1981. C l in i ca l  eva lua t i on  of botul-
I n  Biomedical Aspects of Botul isn (G. E. L e w i s ,  Jr.,i n a l  toxoids ,  pp. 233-246. -

ed) ,  Academic P re s s ,  Inc., NY. 

6. S e l l i n ,  L. C. 1981. Pos tsynapt ic  e f f e c t s  of botulinum tox in  a t  t h e  
I n  Biomedical Aspects of Botulism (G. E. Lewis,neu romusc~ la r  junc t ion ,  pp. 81-92. -

Jr., ed ) ,  Academic Presa ,  Inc., NY. 

7. S i ege l ,  L. S. 1981. Fermentation k i n e t i c s  of botulinum t o x i n  product ion 
( t ypes  A, B ,  and E), pp. 121-128. -I n  Biomedical Aspects of Botulism (G. E. Lewis, 
Jr., ed ) ,  Academic Press ,  Inc., NY. 

8. S i ege l ,  L. S. 1981. E f f ec t  of i r o n  on growth and tox in  product ion by 
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Background: 

This  annusl  r epo r t  i s  the  summary of fou r  individual 's ennual r epo r t s .  Since 
they have t h e i r  own p a r t i c u l a r  a r e a s  of emphasis each research  u n i t  w i l l  be t r e a t e d  
i nd iv idua l l y .  Because of a s i m i l a r i t y  of sub jec t  matter  an addendum about ongoing 
an thrax  p r o j e c t s  w i l l  be included here  p r i o r  t o  i ts  acceptance a s  a formal research  
un i t .  

COL Rozmiarek has two research  work u n i t s ,  the f i r s t  dea l s  with hazards and 
v a r i a b l e s  assoc ia ted  with research animals,  a problem f o r  an i n f e c t i o u s  d i s ea se  
research  i n s t i t u t e ,  because contamination may be masked by the  e f f e c t s  of t h e  condi- 
t i o n s  under s tudy ,  and may, i n  t u rn ,  change t h r  r e s u l t s  of the  r e sea rch  study. This  
p o t e n t i a l  f o r  contamination i s  amplif ied a t  USAMRIID where space l i m i t a t i o n s  
gene ra l l y  preclude in-house breeding programs, and a l l  convent ional  animals a r e  
purchased from commercial sources whenever ava i lab le .  

During t h i s  per iod p a s t e u r e l l o s i s  was discovered i n  r a b b i t s ;  pinworms i n  r a b  
b i t s ,  mice and hamsters; cocc id io s i s  i n  r abb i t s ;  hexami t ias i s  i n  mice and hamsters; 
and encephal i tozoonosis  i n  r abb i t s .  

With t he  many var ied  and unusual organisms used a t  USUKIID, occas iona l  
d i s ea se s  o r  organisms a r e  encountered f o r  which no animal uodel o r  n a t u r a l  r e s e r v o i r  
is  known. I n  some in s t ances  a  model is known t o  e x i s t ,  but no r e l i a b l e  commercial 
source f o r  t h a t  p a r t i c u l a r  animal spec i e s  e x i s t s .  I f  no animal is  known, inves t iga-
t i o n s  m e t  be c a r r i e d  out  t o  determine what spec ies  would be acceptab le .  I f  an 
a v a i l a b l e  model is  a problem, in-house co lonies  must be e s t ab l i shed  t o  meet i nves t i -
g a t o r s  needs. 

Severa l  rodent specier:  not a v a i l a b l ~  c o ~ r c i a l l y  ha..~e been i d e n t i f i e d  a s  
models f o r  d i s ea se s  under i n v e s t i g a t i o n  a t  t h e  I n s t i t u t e .  The Calomys c a l l o s t ~ s  
(vesper  mouse) i s  t he  n a t u r a l  reservoil:  hos t  f o r  many arenavi ruses ,  inc lud ing  
Machupo v i r u s ,  and i e  t h e  only knawn spec i e s  colocized which al lows Korean hemorrha- 
g i c  f eve r  v i r u s  t o  grow and r e p l i c a t e .  Sigmodon h i sp ldus  - ( co t t on  r a t ) ,  is  a n a t u r a l  
r e s e r v o i r  f o r  VEE and Tamiami v i ruses .  

The gappers red backed vole ,  Clethrionomys s a p p e r i ,  has been i d e n t i f i e d  a s  a 
p o t e n t i a l l y  va luable  .mima1 model t o  be used i n  the  s tudy of s e v e r a l  
v i ru se s  cu r r en t l y  being i nves t i ga t ed  by t h e  I n s t i t u t e .  This animal i s  na t i ve  t o  
a r c t i c  North America and s e v e r a l  of th.- Scandinavian coun t r i e s ,  but a l l  e f f o r t s  t o  
d a t e  t o  r a i s e  i t  t n  c a p t i v i t y  have been unsuccessful.  

Inbred S t r a i n  13 gulnea p ig s ' (Cav ia  p o r c e l l u s )  have been i d e n t i f i e d  a s  s u i t a b l e  
animal models f o r  s e v e r a l  v i r u s e s  being i nves t i ga t ed  a t  USAMKIID, inc luding  Junin  
v i r u s ,  Machupo v i r u s ,  Lassa f e v e r  v i r u s ,  Ebola v i ru s ,  and Pichinde v i ru s .  An in-
house product ion colony has been maintained f o r  s eve ra l  years  t o  meet i n v e s t i g a t o r  
demands because s u f f i c i e n t  numbers of S t r a i n  13 guinea p ig s  cannot be obtained 



commercially. Reproduction i n  t h i s  guinea pig s t r a i n  is re l a t ive ly  poor compared t o  
outbred w i n e a  pig stocks and therefore  requires intensive husbandry and management 
f o r  successful  production. Expanded use of the  St ra in  13 guinea pig a s  a s u i t a b l e  
animal model f o r  Pichinde v i r u s  has increased the production requirements. 

Dr .  James Johnson is t e rn ina t i cg  t h i s  work unit  on the character iza t ion  of a Q 
fever  vaccine. These Q fever  vaccinas cha rac te r f r t i ca l ly  have been pur i f ied  o r  
p a r t i a l l y  pur i f ied  preparat ions of phase I1 o r  phase I r i cke t t s i ae  obtained from 
infec ted  yolk sacs  of embryonated hens eggs. The vaccine i n  current  use is a phase 
11 preparat ion t h a t  was developed about 20 years ago (1, 2). This vaccine provided 
good protec t ion  agains t  the d isease ,  but caused a s igni f ic iant  number of systemic o r  
l o c a l  react ions  among recovered o r  previously immunized individuals. Supplies of 
t h i s  vaccine have diminished, and a replacement w i l l  roon be needed. 

Since t h i s  work un i t  is being terminated, a f i n a l  report is being wr i t t en  
summarizing the  information developed and the  progress made. 

Physical  proper t ies .  L r e c t  r i c k e t t s i a 1  counts of 5 l o t s  of phase I and 1 l o t  
of phase 11 vaccines were determined. Concentrations of organ1 8me ranged from 3.2 
t o  3.6 X lo9 organisms/ml f o r  the  phase I l o t s  and war 1.5 X 10 f o r  the  phase I1 
vaccine. Buoyant d e n s i t i e r ,  i n  C s C l ,  of the  phase I vaccine l o t s  were a l l  1.33 
gm/ml with a s ing le  bacd being observed i n  each gradient. The phase I1 vaccine had 
a d i f fuse  band between densi ty  l e v e l s  1.19 and 1.25 gne/ml and a sharper,  l e s s  dense 
band a t  1.33. The o p t i c a l  dens i ty  of the  phase I vaccine l o s t  varied from 0.22 t o  
0.27 OD u n i t s ,  and was 0.42 f o r  the  phase I1 vaccine. 

Dose.- The median se ro log ic  doses, the  g of vaccine needed t o  e l i c i t  8 miniuwm 
s i g n i f i c a n t  antibody response i n  one-half the  guinea pigs by complement f i x a t i o n  
(CF), microagglutination (MA), o r  immunofluorescent antibody (IFA) procedures, were 
determined. Phase I vaccinated guinea pigs required 19 v g  f o r  a median MA dose, but 
3 3 p g  f o r  CF and IFA doses, using a phase I antigen. With a phase I1 antigen,  
median doses were > 30, 7.3, and 1 .4pg f o r  CF, MA, and IFA t e s t s ,  respectively.  
For phase I1 vaccinated guinea pigs,  median doses > 30vg  were needed with e i t h e r  

\phase I o r  phase 11 antigens. 

Reactogenicity. Comparative skin  t e s t  s tud ies  i n  guinea pigs of 6 l o t s  of the  
phase I and the  phase I1 vaccine were conducted. Intrademal in j ec t ion  of various 
amounts of vaccine i n  Q fever  sens i t i zed  guinea pigs caused a progreesive develop- 
ment of indura t ion  a t  the  inocula t ion  s i t e .  The degree of induration was 
quant i ta ted  by measuring sk in  thickness a t  the  in jec t ion  s i t e  and following its 
development over seve ra l  weeks. Lot 4 of the  phase I and the phase I1 vaccines were 
compared and found t o  give s imi la r  mlnimal but detectable skin  reactlone with O..l p g  
of vaccine, the smallest  amount used. The 5 l o t s  of the phase I vaccine were a l s o  
compared, and a l l  gave e a s i l y  measured akin reactions with 0.3 p g  of vaccine. 

Median protec t ive  dose. Estimates of median protective (PD ) doses of t h e  
phase I vaccine l o t s  ranged between 1.8 and 0.3 pg of vaccine. Re phase I1 vaccine 
was estimated t o  require  about 27 p g  of vaccine f o r  a PDS0. These values a r e  only 
approximations because of e r r o r s  i n  the  asaay due t o  nonepecific fever  responses 
observed i n  con t ro l  guinea pigs. A number of guinea pig rourcee, changes i n  housing 
and environmental condit ions of the  animals and other parameters of in fec t ion  such 
a s  va r i a t ions  i n  the  concentrat ions of serum enzymes during in fec t ion  have been 
evaluated i n  an attempt t o  improve the  r e l i a b i l i t y  of the protective dose estimates. 



Dr.  Ezze l l  is  working on t h e  immunogenicity of Bac i l lus  an th rac i s .  The present  
human vaccine 'against  an thrax  c o n s i s t s  of an alum p e r c i p i t a t e  of the  c u l t u r e  super- 
na t an t  of ~ o l l u m770 s t r a i n  E. anthrac is .  The primary cons t i t uen t  of t h i s  vaccine 
is t h e  p ro t ec t i ve  an t igen  component of the t r i p a r t i t e  t ox in  of t h i s  organism. 
However, i t  is gene ra l l y  agreed t h a t  l i v e  a t tenua ted  vaccines used by v e t e r i n a r i a n s  
for  vacc ina t ion  of l i ve s tock  provide b e t t e r  p ro tec t ion  (3). This led t o  t he  specul- 
a t i o n  t h a t  an t igens  i n  add i t i on  t o  the  p ro t ec t i ve  an t igen  component of t h e  t ox in  may 
be e f f i c a c i o u s  a s  immunogens again-t  anthrax. I n i t i a l l y ,  p u r i f i e d  c e l l  w a l l  
ma te r i a l  is being t e s t e d  which chemical da ta  suggest t o  conta in  a major ga l ac to se  
conta in ing  polysac thar ide  descr ibed by Ivanovics (4 )  and Smith, -- (5). MBOe t  a l .  
descr ibed  wi th in  a e s t u d i e s  on rapid i d e n t i f i c a t i o n  of B. a n t h r a c i s ,  e f f e c t s  of 
an thrax  b a c t e r i a l  products  on phagocytic func t ions  during d i s ea se ,  chemical ana lyses  
of an thrax  c e l l  wa l l s  and b io log i ca l  s t e r i l i z a t i o n  of s o i l  contaminated wi th  -0.  
a n t h r a c i s  spores .  

The goal  of our  o v e r a l l  anthrax research e f f o r t  is t o  maximize p ro t ec t i on  
aga in s t  an thrax  by means of improved immunization and de t ec t i on .  Thus, work done by 
D r .  Iv ine ,  MAJ Ristroph,  and Captains Hikese l l  and Dr i e r  w i l l  be noted i n  t h e  pro- 
grese  eec t i on  pending approval  of a formal work un i t .  

Progress : 

The animal d i s ea se  su rve i l l ance  program under COL Rozmiarek's research  
funct ioned normally dc:ing t h i s  per iod,  with t!~e q u a l i t y  con t ro l  monitoring of 516 
r a t e ,  vo les ,  g e r b i l s ,  mice, hamsters,  guinea p igs  and r a b b i t s  from 12 d i f f e r e n t  
coaimercial sources a s  we l l  a s  3 USAWRfID breeding co lonies .  This  t o t a l  r ep re sen t s  
45 e t r a i n s  and s tocks  from the  above number of commercial sources.  A l l  animals were 
examined f o r  g ros s  and h i s t o l o g i c  pathology, b a c t e r i a l  pathogens, p a r a s i t e s  and 
heamtologic parameters.  The hematological da t a  is used t o  e s t a b l i s h  normal va lues  
f o r  each e t r a i n l s t o c k  of rodent  used a t  USAMRIID and t o  determine abnormal va lues  
which may i n d i c a t e  l a t e n t  metabol ic  o r  i n f e c t i o u s  d i s ea se  processes .  

The fol lowing d i agnos t i c  specimens (Table I )  were examined dur ing  t h i s  period: 

TABLE I. DIAGNOSTIC SPECIWNS 

TYPE EXAMINATION NUMBER 

Hematology 1,447 

Paras i to logy  993 

Sac te r io logy  782 

Xistopathology 516 

Serology 50 

T o t a l  3,788 



The most frequent c l i n i c a l  condit ions detected i n  newly received animals t h i s  
period were i n  rabbi ts .  Several animals were rejected because of chronic respi ra-  
tory  d isease  (CRD) caused by Pas tu re l l a  multocidea. This disease poses a ser ious  
th rea t  t o  those r abb i t s  already housed i n  USAMRIID because it is  d i f f i c u l t  t o  cure 
the c l i n i c a l l y  ill, and equally a s  d i f f i c u l t  t o  eradicate once the  d isease  has 
es tabl ished i t s e l f  i n  the  colony. The incidence of ear mite i n f e s t a t i o n  was low 
during t h i s  period although eevera l  recurr ing  infections ware t rea ted .  

Encephalitozoonosie (Encephalitozoan cunicul i )  w u  diagnosed i n  3 r a b b i t s  
during t h i s  report ing period including one rabbi t  exhibiting uncoordination and 
s p a s t i c  para lys is .  There is no treatment f o r  infection. The infec ted  animals must 
be el iminated from the  colony. No f u r t h e r  incidence has been noted. 

Several spontaneous deaths occurred i n  the  rabbi t  colony: acute  p e r i t o n i t i s  
secondary t o  g a s t r i c  tr ichobezoar ( h a i r b a l l ) ;  acute pneumonia (3 cases)  due t o  
Pas teure l la  multocida o r  Bordetel la  bronchiseptica infections; and traumatic verte-
b r a l  f r a c t u r m e s ) .  Respiratory d isease  and chronic con junc t iv i t i s  caused by 
Pas teure l la  multocida continues t o  be prevalent. The continued use of autoclaved 
hay has seemingly reduced the  incidence of "anorexia/lack of s t o o l  syndrome" asaoci- 
ated with ha i rba l l s .  The f e a s i b i l i t y  of feeding a l f a l f a  cubes t o  replace  the  auto- 
claved hay has been t e s t ed  and appears t o  be j u s t  a8 effect ive i n  preventing 
ha i rba l l s .  

Several shipments of Swiss mice and one shipment of hamsters were found t o  be 
infec ted  with hexamitiasis  (spironuceosis)  caused by the protozoan Hexamita muris. 
The suppl ier  was not aware of the  in fec t ion  i n  the colony. The problem w i l l  be 
corrected i n  fu tu re  orders. No s i g n i f i c a n t  pathological changes were reported i n  
these  infec t ions .  

An outbreak of Bordete l los is  (Bordetel la  bronchiseptica) was diagnosed i n  a 
group of newly-arrived guinea pigs. The onset of c l in i ca l  d isease  was a t t r i b u t e d  t o  
shipping s t r e s s .  Subsequent orders  of guinea pigs from t h i s  supp l i e r  were made only 
from s p e c i f i c  pathogen-free, barrier-reared (BR) colonies ra ther  than open 
colonies. I n  addi t ion ,  a l l  f u t u r e  orders  were shipped i n  protec t ive  f i l t e r - l i n e d  
shipping boxes. These measures, along with s t r i c t  sanitat ion and d i s i n f e c t i o n  
procedures, have resul ted  i n  no new out breaks. 

An adenovirus was i d e n t i f i e d  on e l ec t ron  microscopy from the  lungs of two 
Hart ley guinea pigs [Crl: (HA)BR] t h a t  died of acute pneumonia. This was extremely 
s i g n i f i c a n t  s ince  the re  has been only one previous report of adenovirus-induced 
resp i ra to ry  d isease  i n  guinea pigs and none reported i n  the U. S. Three o the r  

, 

guinea p igs  i n  the  group of 118 a l s o  died but were not exrllained 
hietopathologically.  No other  outbreaks of respi ra tory  disease have been observed 
i n  guinea p igs  from t h i s  suppl ier .  Hoirever, the v i rus  say have or ig inated  within 
USAMRIID o r  during t r a n s i t .  Al-1 unexpected spontaneous deaths of guinea pigs a r e  
being necropsied a s  usual  t o  e n s u r e . t h a t  t h i s  was only an i so la ted  outbreak. 

Data concerning the  hematologic character iza t ions  of na tura l ly  occurring mal- 
a r i a l  (Plasmodium i n u i )  in fec t ions  i n  cynomolgus monkeys was compi;sd and 
analyzed. A l l  i fec t ions  were subc l in ica l  i n  nature. Parasitemias ranged from 10- 
900 parasi teslnm 3 of whole blood. Pre- and post-treatment hematologic values were 
evaluated following treatment with chloroquine. Treatment was e f f e c t i v e  i n  c l ea r ing  



-- 

13 of 14 i n f ec t ed  clonkeys. Pre-treatment values of hematocri t ,  hemoglobin and mean 
corpuscular  volume were s i g n i f i c a n t l y  d i f f e r e n t  i n  i n f ec t ed  monkeys compared t o  
noninfected monkeys. While post-treatment hemoglobin and hematocri t  values re turned  
t o  noninfected con t ro l  ranges,  mean corpuscular  volume va lues  of i n f ec t ed  monkeys 
remained s i g n i f i c a n t l y  lower i n  t h e  post-treatment period. 

Data c o l l e c t i o n  was completed f o r  a study designed t o  determine t he  e f f e c t s  of 
na tura l ly -occur r ing  chronic  malar ia  on the immune system of cynomolgus monkeys. 
These i n f e c t i o n s  have been shown t o  p e r s t e t  f o r  over f i v e  years  a f t e r  impor ta t ion  
and have been found i n  up t o  43 percent  of cynomolgus monkeys imported f o r  use of 
USAYRIID. The e f f e c t s  of t h i e  i n f e c t i o n  on biomedical research  a t  USAMRIID a r e  
unknown; however, da t a  from humans with chronic malar ia  and experimental ly  i n f ec t ed  
rhesus monkeys (:!acaca mula t ta )  suggests  t ha t  malar ia  causes immunosuppression and 
decreased antibody response t o  c e r t a i n  vaccines. Data has now been co l l ec t ed  from 
e i g h t  i n f ec t ed  and e i g h t  noninfected con t ro l  monkeys before and a f t e r  t reatment  wi th  
chloroquine. Parameters examined included T and B lymphocyte s t imu la t i on  indexes. 
This d a t a  is  being compiled f o r  s t a t i s t i c a l  ana ly s i s .  

A co l l abo ra t i ve  s tudy wi th  D r .  Pe t e r  J a h r l i n g  i n  Virology Divis ion was 
performed t o  determine i f  - cynomolgus monkeys (Macaca f a s c i c u l a r i s )  wi th  chronic  
malar ia  had a d i f f e r e n t  response t o  Lassa fever  v i r u s  i n f e c t i o n  compared t o  nonin- 
f  e c t ed  con t ro l s .  No s i g n i f i c a n t  d i f f e r ences  i n  onse t  and s e v e r i t y  of viremia,  
ant ibody r5sponse and time t o  dea th  were observed. An unexpected observa t ion  was a 
decrease  i n  paras i temla  fol lowing v i r u s  chal lenge and subsequent unde tec tab le  caunts  
i n  t h r e e  of f ou r  monkeys. It was o r i g i n a l l y  thought t h a t  t h e  malar ia  would have 
increased  t h e  s e v e r i t y  of t h e  Lassa f eve r  i n f e c t i o n  o r  v i ce  versa ,  but t h i s  wao not  
evident .  Ptgment found i n  t i s s u e s  on h i s topa tho log j  was ab l e  t o  be d e f i n i t i v e l y  
a t t r i b u t e d  t o  t he  malar ia  because the  malar ia  s t a t u s  of these  monkeye had been 
determined p r i o r  t o  t he  experiment,  I nves t i ga to r s  us ing  po t en t i a l l y - i n f ec t ed  nonhu-
man primates  should be aware of poss ib le  complicating e f f e c t s  such a s  t h i s .  

A b i func t i ona l  typhoid f eve r  and b a c i l l a r y  dysentery o r a l  vaccine developed by 
t h e  Walter Reed Army I n s t i t u t e  of Research was s a f e t y  t e s t e d  i n  rhesus (Macaca -
mula t ta )  monkeys. This  l i v e  vaccine cons is ted  of a nonpathogenic mutant Salmonella 
t yph i  s t r a i n  t ransconjugated wi th  a p ro t ec t i ve  an t i gen  from Sh ige l l a  sonnei.  The 
vaccine s tudy demonstrated t h a t  t h e  v a c c i ~ e  d id  not r e s u l t  i n  d i a r rhea  o r  o t h e r  
c l i n i c a l  i l l n e s s .  Since no adverse reac t ions  were observed, human volunteer  s cud i e s  
a r e  being planned. This  vaccine chould give p ro t ec t i on  aga in s t  both typhoid f e v e r  
a s  we l l  as dysentery caused by 5. eonnei. 

Under COL Rozmiarek's research ,  the  priznary func t i ons  of t h e  Sigwjdon h i sp idus  
and Callomys ca l l o sus  rodent  co lon i e s  were t o  meet t h e  documented demands of t h e  
I n s t i t u t e  f o r  t he se  commercially nonavailrible animals f o r  i n v e s t i g a t i v e  needs. We 
have achieved t h i s  goa l  and a re -cont inu ing  t o  provide vesper  mice-and co t ton  r a t s  t o  
us ing  i nves t i ga to r s .  No majar p rob l em assoc ia ted  wi th  d i s ea se ,  husbandry, o r  
reproduct ion were encountered dur ing  t h e  repor t ing  period.  See Table II. 



TABLE 11. STATUS OF SPECIFIC RODENT COLONIES 

Sigmodon hispidus Callomys ca l losus  
(about 25 breeding p a i r s  maintained) (about 25 breeding p a i r s )  

Born 183 285 

Weaned 153 259 

Issued 105 78 

Sacr i f iced  1 205 

A colony of Grappers red backed voles,  Clethrionoays Bapper%, has been esta-  
bl ished a t  USAMRIID t o  support hemorrhagic fever  v i rus  studies.  During t h i s  period 
the re  were 255 animals born, 210 animals weaned and 246 animals issued t o  t h e  Virol- 
ogy Division. See Table 111. 

TABLE 111. STATUS OF VOLE COLONY 

Clethrionomys ~ a p p e r i  

Born 255 

Weened 210 

Issued 246 

Sacr i f iced  20 

The breeding colony of s t r a i n  13 guinea pigs (Cavia porcel lus)  ha# become 
s t a b i l i z e d  over the l a s t  year t o  30 breeding racks o r  150 harem usually coneiet ing 
of four  females and one &a per harem. here were 548 breeding female; a t  the  end 
of th* f i s c a l  year. The colony is  present ly  located i n  s i x  animal rooms i n  Su i t e  AR 
3 i n  B ~ d g  1425. There were 2,155 offspr ing born t h i s  past year with 584 of these  
being r e t i r e d  breeding stock from N I X  and the  USAURIID colony. As i n  the  pas t ,  we 
a r e  maintaining genet ic  uniformity by using exbreeders from the inbred colony main- 
ta ined i n  the  Division of Research Services a t  NIH. .These breeders a r e  randomly 
mated and offspr ing re ta ined f o r  up t o  only four  generations. 

I n  l a t e  1980, the re  was an ep izoo t i c  of pneumonia caused by Bordetel la  bronchi- 
s e p t i c a  which caueed s i g n i f i c a n t  morbidity and soma mortality. .This outbreak was 
brought under contro l  with an autogenous bac te r i a  and there have been no f u r t h e r  
outbreaks. Recently, Klebeie l la  cobayae has been observed i n  h ie to log ica l  sec:ions 
of kidneys f r o i  S t r a i n  13 guinea pigs which were i n  variour rerearch. protocole. 
This organism is a coccidian, which i r  common i n  the  kidney and other  organa of 
guinea p igs  and is considered t o  be nonpathogenic. We are current ly  determining how 
widespread t h i s  in fec t ion  is i n  out colony and i f  indeed it is nonpathogenic. 



Guinea pig cytamegalorirus (salivary gland) virus infection has been detected on 

histopathology. Although this infection causes no clinical signs, it can interfere 

with ultrastructural observations concerned with determination of the pathogenesis 

of other diseases such as the arenaviruses. The common fur mite of guinea pigs, 

Chirodiscoides caviae, has been identified in both guinea pigs from NIH as well as 

the USAM!!IID colony. This mite is not thought to be pathogenic and successful 

elimination is only by cesarean rederivation. Enzootic guinea pig inclusion 

conjunctivitis (Chlamydia psittaci) continues to persist in the colony. This 

disease affects young guinea pigs less than 3 weeks of age. Severe cases are 

treated with chloramphenicol ophthalmic ointnent and roeolve within a few days. 


Negotiations are currently under way with the National Cancer Institute of NIH to 

establish a cesarean-derived, barrier-maintained, strain 13 guinea pig production 

colony at Fort Detrick. This colony would eventually supply all of the strain 13 

guinea pigs for USAMRIID. Succeesful germ-free derivation of this atrain would 

eliminate the above-mentioned parasitic, cytomegalovirus, and chlamydia1 i*.fections 

and result in much healthier research animsls free of extraneous confusing 

leeions. See Table IV. 


TABLE IV. STRAIN 13 C'JINEA PIGS ISSUED DURING PY 82 


DIVISION 
INVESTIGATOR VIROLOGY BACTERIOLOGY MEDICAL 

LTC Lupton 

Dr. Kenyon 

Dr. Liu 

Dr. Jahrling 

Dr. E. Johnson 

LTC Petere 

CPT Huggins 

Mr. Pannier 

Dr. Ezzell 

L X  Coegriff 

Total Issued: 




Primate colonies. The rhesus breeding colony has continued t o  produce healthy 
rhesus offspr ing i n  addi t ion  t o  providing valuable experience i n  the  management and 
maintenance of a primate breeding colony. Growth, maturation and hematologic da ta  
continue t o  be col lec ted  on f i r s t  and second generation progeny. 

There were no deaths recorded during the  report ing period. There was one l i v e  
b i r t h ,  on 4 February 1982. Breeder 80732 delivered a healthy female baby (XB66). 
She is current ly  nursing the  baby. There a r e  two females pregnant. 

The colony i e  baing naintained a t  2 breeding males md nine breeding females. 
A t  present ,  there  is one nursing i n f a n t ,  t en  juvenile females, t en  adolescent 
females (one menstruating), and 29 juvenile males. No s ign i f i can t  hea l th  or  husban-
dry problem was noted during the  repor t ing  period. The colony reared females which 
have begun t o  cycle a r e  within normal l i m i t s  on the basis  of physiological  
parameters. Observations of psychological behavior w i l l  continue on our colony 
ra ised  offspring.  

Dr .  James Johnson's research ended with an evaluation of the physical 
c h a r a c t a r i s t i c s  of an experimental Q-fever vaccine. Direct r i c k e t t s i a l  counte of 
the  vaccine l o t s  were conducted according t o  the  procedure of Silverman e t  81 id;. 
Vials of vaccine were r e c o n s t i t  ted  with sa l ine .  A suspension of k i l l e d  Shigel la  
dyaentereae containing 3.1 X 108 organisms/ml wae used a s  the standard. Organisms 
i n  d rop le t s  were counted t o  y i e l d  a minimum of 500 r i cke t t s i ae ,  From these da ta  and 
the  known Shigel la  concentrat ion,  the  r i c k e t t s i a l  concentrations were calculated.  
See Table V. 

Buoyant d e n s i t i e s  were obtained with C s C l  gradients  according t o  the  procedure 
of Wachter e t  a 1  (7). One m l  of reconst i tu ted  vaccine was layered on the  surface  of 
11 ml of CsCl so lu t ion  (1 -33 g/ml) and tubes were centrifuged a t  105, 000 X g f o r  
24-36 h r s  i n  a Beckman type 41 ro tor .  Each l o t  of the phase I organisms were 
expected t o  band. No other  bands were observed. By contrast ,  the phase 11 vaccine 
showed 2 bands: one being r a t h e r  dense but d i f fuse  between d e n r i t i e s  of 1:19 and 
1.25, and the o ther  being l e s s  dense and sharper a t  1.33 gmlml. The phase I1 
vaccine was prepared o r i g i n a l l y  using a predominately phase 11 s t r a i n  of 2. 
burnetii; therefore ,  the d i f f u s e  band a t  t h i s  density range was expected, s ince  t h i s  
is  c h a r a c t e r i s t i c  of phase I1 organisme. The band present a t  . t he  1.33 gm/ml densi ty  
suggests e i t h e r  a phase I component i n  the  vaccine or  more l ike ly ,  the  presence of 
phase 11 organisms from which the  buoyant host material  had been removed during the  
pur i f i ca t ion  o r  gradient  procedures. Buoyant d e n s i t i t e s  of the vaccines a r e  shown 
i n  Table V. 

Opt ica l  dens i ty  of the vaccines were measured a t  420 m using a Beckman DB 
spectrophotometer and a path length  of 10 mm. This is the wavelength and instrument 
used by F i se t  -- (8) f o r  s tandardiz ing r i c k e t t s i a 1  suspeneions f o r  e t  a l .  
microagglutinations t e s t s .  A l l  5 l o t s  of the  phase I vaccine had OD between 0.25 
and 0.27 when reconst i tu ted .  These values were used t o  ca lcula te  the  number of 
organisms/ml and the  number of p g / d  i n  the  vaccines, Fleet - a l .e t  - (8) reported 
t h a t  100 v g / d  of pur i f i ed  2. burne t t i  had an OD of 0-33 using conditions s imi la r  t o  
those above. Using these  numbere a s  a r a t i o  t o  ca lcu la te  the number of pg/ml of 
r i c k e t t s i a e  i n  the  vaccine l o t s ,  values c lose  t o  80 ad were obtained f o r  the  
phase I vaccine l o t s .  This suggests  t h a t  e i t h e r  there  is host material  l e f t  i n  the  
vaccine o r  t h a t  the  values reported by Smith, e t  a l .  (5)  were too low (Table I ) .  
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TABLE V. PHYSICAL PROPERTIES OF Q FEVER VACCINES 

-

BUOYANT R I C K E T T S I A E / ~  
D E N S I T Y ~  OPTICAL DRC O D ~  G/ML 

VACCINE (gm/ml) D E N S I T Y ~  lo9 lo9 BY O D ~  

Phase I 

Lot 1 1.33 0.26 3.5 3.7 78 

Lot 2 1.33 0.27 3 e7 3.9 8 2 

Lot 3 1.33 0.25 3.3 3.6 76 

Lot 4 1.33 0.27 3.2 3.9 82 

Lot 5 1.33 0.27 3.6 3.9 8 2 

Phase I1 

DP-7 1.19-1 -25 0.42 1.5 

1.33 

'In CsC1.  
b~eckmanDB-G spectrophotometer,  420 nm, 4 cm path length. 
'calculated from assumptioc t h a t  4.7 X 10 r i c k e t t s i a e l m l  - 0.33 OD u n i t s ,  F i s e t  

%culated from assumption t h a t  LOO pg r i c k e t t s l a e l m l  - 0.33 OD u n i t s ,  
P i s e t  (8 ) .  

e t  a l .  By con t a s t ,  Heggers, -- (9)  repor ted  t h a t  t he r e  wese 4.7 X lolo C. 
bu n e t i l l  mg of dry weight. Therefore,  100 pg of vaccine should conta in  ybnut  4.7 X 
b n i s m s ,  and should e x h i b i t  an OD of 0.33. I f  tB ese  va lues  a r  used t o  salcu-  
l a t e  t he  number of organisms/nl ,  e s t ima te s  of 3.6 X 10 and 3.9 X 105 C. burne t i i /ml  
a r e  obtained. These values agreed f a i r l y  wel l  with t he  d i r e c t  r i c k e t t T i a 1  count a s  
s h o w  i n  Table I. 

Some immonologica~ p r o p e r t i e s  of these vaccines were i nves t i ga t ed  i n  guinea 
p ig s  t o  e s t ima te  e f f e c t i v e  doses needed f o r  antibody production and t o  determine 
vhe ther  humoral o r  c e l l u l a r  immune responses could be r e l a t e d  t o  s u s c e p t i b i l i t y  t o  
i c f e c t i o n .  The complement f i x a t i o n  (CF, l o ) ,  microagglut inat ion (MA, 8 )  and iramuno- 
f l uo re scen t  ant ibody (IFA, 11) t e s t s  were used f o r  humornl immunity s t u d i e s  and t h e  
lymphocyte t ransformat ion  (12) and sk in  r e a c t i v i t y  t e s t s  f o r  c e l l  mediated 
i m u n i t y .  I n  i n i t i a l  s t u d i e s ,  i ' e  phase I1 and l o t  4 of the  phase I vaccine were 
compared f o r  t h e i r  a b i l i t y  t o  e l i c i t  antibody responses i n  guinea pigs. Vaccine 
doses needed t c  induce a t  l e a s t  a minimum antibody response i n  one-half t h e  guinea 
p ig s  were determined. Croups of 10 guinea pigs  were vaccinated 1.d. wi th  0.5 m l  of 
s e l e c t e d  doses of each vaccint .  On t h e  20th day a f t e r  i n j e c t i o n  t h e  guinea p ig s  
were bled by ca rd i ac  puncture and CV, MA, and IFA t e s t s  were determined f o r  t h e  
nera. Median s e r o l o g i c  doses were ca lcu la ted  by t he  Reed-Muench method us ing  t h e  
number of guinea p ig s  I n  each group having t i t e r s  of 1:10 o r  g r ea t e r .  The r e s u l t s  
of t he se  t e a t s  a r e  shown on Table X I .  



The phase I1 vaccine required > 30 p g, the  l a r g e r t  dose t e r t ed ,  t o  produce an 
antibody rerponre i n  any of the  t e s t a  ueing e i t h e r  phare I o r  phase I1 antigen. 
Pharo I vaccice produced a detec table  reeponee t o  phase I antigen only i n  the  M 
t e s t .  With the  phaee 11 antigen,  measurable MA and PA antibody reeponeee were 
obtained, but the CF reeponee remained > 30 pg. 

Microagglutination t e s t s  were conducted on the  eera of guinea pige receiving 
variour doees of the  5 l o t e  of the  phase I vacciae. Groups of 8 vaccinated animals 
were bled on day 20 postvaccination and t h e i r  ee ra  tes ted  f o r  phaea I and phaee I1 Q 
fever  antibodier .  See Table V I .  

TABLE V I .  MEDIAN SEROLOGIC DOSES OF PHASE I AND P W E  11Q FEVER VACCINES 
I N  GUINEA PIGS 

MEDIAN DOSE - G OF VACCINE 
.;NTIGEN TEST VACCINB PHASE 

P W S  I ' W E  I1 

Phaee Z 

C o m p l e ~ n t  f i x a t i o n  30 30 

Hicroagglutinrt ion 19 30 

Imnunofluoreecent anitbody 30 30 

Phare 11 

Complement f i x a t i o n  30 30 

Microagglutination 7.3 30 

Immunofluoreecent antibody 1.4 30 

The data  presented a r e  the  geometric w a n e  of the  reciprocal MA t i t e r e  of each group 
of guinea pigs. Antibody t i t e r e  genera l ly  increased with increasing doeee f o r  both 
Q fever  phases, although changes were minimal a t  the  lower doees. For de tec table  
phaee I antibody t o  be produced, between 0.35 and 1.7 pg of antigen were required 
under the  condit ions of the  experimente. Phaee I1 antibodies were produced by much 
lower doeee, i n  tne  order of 0.3001 pg of vaccine. 

A rtudy was conducted t o  es t imate  the  vaccine dore needed t o  cauea the  develop- 
ment of a sk in  react ion  i n  guinea pige following the  led .  in jec t ion  of 30 p g  of 
antigen. Groups of normal guinea pigs were vaccinated i.e. with a s i n g l e  doee of 
e i t h e r  30, 3.0, o r  0.3 pg of phaee I, l o t  5, vaccine. Six weeke l a t e r  the  guinea 
pigs were chailenged 1.d. with 0.1 ml containing 30 p g  of phaee I, l o t  5, vaccine. 
Skin thickness was meaeured a t  each i n j e c t i o n  s i t e  a t  various time in te rva le  follow- 
ing  in jec t ion .  The r e s u l t s  of the  experiment is shown i n  Table V I I .  These data  
ind ica te  t h a t  a p h a ~ eI vaccine doee of 0.3 p g  per guinea pig can eene i t i ze  the  
animal t o  8 l a t e r  i n j e c t i o n  of antigen. Increasing the  renr i t iz ing  doee caueee the 
react ion  t o  becow more revere,  t o  begin a t  an e a r l i e r  t i m  and t o  l a s t  longer. The 
con t ro l  guinea p igr  which received the  3 0 p g  challenge dose but no sensitizing 



vaccination did not ahow observable sk in  r eac t iv i ty  u n t i l  about 2 weeks. A s l i g h t  
increase  1n skin  thickness was noted vhich increased somewhat a t  l a t e r  times. h l 8  
could be due t o  some 5. h r n e t i i  remaining fixed i n  the  skin  les ions  a s  the animal 
begins t o  develop immunity t o  the vaccine antigen. 

TABLE V I I .  DOSE OF VACCINE NEEDED FOR THE CEVELOPMENT OF A SKIN REACTION I N  
GUINEA PIGS CHALLENGED I. D. WITH N p G  OF ANTIGEN 

HEAN S X I N  THICKNI$SS MM 
VACCINE D@SEL p G 

30 3 0.3 0 
DAY n - 8  n = 12 n - 8  n - 8  

I n i t i a l  experiment8 comparing the protective p roy t r t i e s  of the phase 11 and 
phase I Q fever vaccines i n  guinea pigs indicated tha t  a number of problem needed 
solving before adequate prec is ion i n  the comparisons could be made. One problem was 
the  occurrence of brief  sporadic increases i n  the  body temperature of guinea pigs 
before vaccination o r  challenge. Since temperature a f t e r  challenge was the  
c r i t e r i o n  used f o r  determining infec t ion ,  these sporadic chmges increased the  e r r o r  
of the experiment. It was found t h a t  an acclimatizat ion period of a t  l e a s t  2 weeks 
was needed, during which time the  nnimals were kept i n  i n d i v i d u ~ l  cages, handled 
frequently,  and allowed t o  become adjusted t o  the new surroundings. The optimal 
temperature of the holding room8 was de te rdned  t o  be 7 0 ' ~  (21'~) because higher 
temperature8 caused occasional  temperature opikea and lower temperatures tended t o  
increase  the i n c i d ~ n c e  of respi ra tory  infec t ions  with associated f e b r i l e  
responses. Alao, the source of bufnea pigs was important. In  t h i s  study, 3 sources 
were t a s t ed ,  West Jersey BioJ.ogica1 Co., Buckburg, Inc., and Charles River, Inc. 
h e  West Jersey animals were i n  poor condition on a r r i v a l ,  most had o r  soon 
developed, respi ra tory  infect!ons and severa l  died. Buckburg guinea pigs ar r ived i n  



good condit ion and remained s o  throughout the  holding period, except f o r  an occasio- 
-1 temperature spike. Charles River guinea p igs  were i n  excel lent  hea l th  on a r r i v -  
a l  and remained so  throughout the  holding period. These l a t t e r  animals were used i n  
the following s tudies .  

Because f e b r i l e  react ions  i n  guinea pigs a r e  so  sens i t ive  t o  a va r i e ty  of 
sometimes uncontrollable influences,  biochemical changoa i n  serum were inveatigaterl 
a s  supplements t o  o r  a l t e r n a t i v e s  f o r  t h i s  indica tor  of infection.  Heggers, e t  a l .  
(9)  reported t h a t  Q fever  in fec t ion  i n  the  guinea pig rffected a number of serum 
components. Gtucose , glutamic-oxalacetic t r ansadnaee  (GOT), and c r e a t i  ne phosphoh-
inase  (CPK) values appeared t o  be most chmged by the infec t ion  and were chosen f o r  
f u r t h e r  study a l o n ~  with l a c t i c  dehydrogenase (LDH), and crea t in ine .  Most of theee 
measures are assac-rted with l i v e r  o r  cardiac  functions, the  p r i m a 7  organn involved 
i n  Q fever  infection.  Experiments were designed t o  study changes of these  biochemi- 
c a l  parameters throudhout the  course of i l l n e s s  i n  Q f e ~ e rinfec ted  g i inca  pigs. 
Three groups were used, a contro l  group with no infectiod,  a low dos 5 JrGclpreceiving 102 IDs9 of 5. burne t i i  and a high dose group receiving 10 ICI0 Temper-
a t u r e s  were recor ed da i ly  f o r  a l l  animals and selected guinea pigs from each group 
were bled da i ly  f o r  serum. Serum glucose con:entrationv increased noticcahly i n  the  
high dose group by day 3 post infec5ion and seemed t o  pa ra l l e l  the  f e b r i l e  
reeponoe. In  the  low dose group, glucose vs lues  were s l i g h t l y  eldvcted hut showed 
l e s s  correepondence with fever. Serum GOT a c t i v i t y  i n  the high dose group was 
elevated between days 8 cnd 11 post in fec t ion ,  which was severa l  days a f t e r  the  peak 
fever  response. The low dose group had no s ign i f i can t  elevation of serum GOT act iv-  
i t y .  Between days 5 and 9 post in fec t ion ,  CPK a c t i v i t y  i n  the  high dose group was 
somewhat dgpressed compared t o  the  con t ro l  group, while the a c t i v i t i e s  of the  low 
dose group pa ra l l e l ed  the con t ro l s  f a i r l y  c lose ly .  LDH and cr?a t in ine  values i n  
both infec ted  groups and the  contro l  group were 2:-iilar. 

Of the  b i o c h e d c a l  paramett r e  inveet iga ted ,  only glucose concentrat ions 
appeared s u f f i c i e n t l y  a l t e r e d  t o  be a se fu l  i n  indica t ing  Q fever  in fec t ion  seve r i ty  
i n  the  guinea pig. The s e n s i t i v i t y  of the  change t o  mild infec t ione ,  which may be 
encountered i n  p a r t i a l l y  protected animals, was not very high, The values of o ther  
serum components were e i t h e r  too var ihble  o r  required tdo severe an in fec t ion  t o  
show s ign i f i can t  changes. However, a group of properly aelccted serum components, 
s o w  of the  above and perhaps o ther ,  along with temperature changes, may provide a 
reasonably r e l i a b l e  but i n d i r e c t  means f o r  quant i ta t ing  Q fever in fac t ion  i n  the  
guinea p ig  i f  a l e t h a l  model cannot be developed i n  a reasoaable time. 

D r .  John W. Ezzel l  has a a u l t i f a c e t e d  approach t o  problem of i m n o g e n i c i t y  of 
Bacil lus anthracis ,  Each area  of research endeavor is summarized a s  follows: 

Vaccine development. Antigens o ther  than the  protective antigen component of 
the toxin  may be e f f i cac ious  a s  immunogens agains t  anthrax. Initla:. s t u d i e s  
indica ted  t h a t  pu r i f i ed  c e l l  wall  from B. an th rac i s ,  Sterne s t r a i n ,  provides up t o  
80% protec t ion  i n  guinea p igs  agains t  p k n t e r a l  challenge (IH) with v i ru len t  V o l l i ~  
1B s t r a i n  spores. The mode by which the  vaccine is administered is important i f  one 
is t o  obta in  an adequate t i t e r  f o r  protection.  A micro-agglutination assay f o r  
determining anti--11 wall  t i t e r s  was developed which is proving invaluable f o r  such 
s tudies .  Aleo, L e w i s  r a t s  a r e  being administered c e l l  wall mater ia l  t o  d e t e r d u e  i f  
t h i s  antigen is ar thr i togenic .  Thus f a r ,  the  c e l l  wall  ma:erial has not produced 
a r t h r i t i s  a f t e r  5 weeks. 



--  

Chemical composition studies of Bacillus ~pecies cell walls. Chemical analysis 

of purified cell walls hnve revealed that 8. aathracis differs from the two closely 
related species, 2. cereus and 1.thuringiynsis. B. anthracis contains high levels 
df g~lactocie ( 2 0 - 2 5 ~ w b h e r e a s  the other two species contain no galactose but 

instead contain glucose (3-5% wlw) and trace levels of galactosamfne. Collaborative 

studies with Dr. R. J. Doyle, University of Louisville, Louisville, KY, have shown 

the glucoseraine 
in:. anthracis peptidoglycan is not acetylated which is required 

for the action of lysozyme. This explains the chemical basis of resistance by B, 
anthracis to lysozyme which is used in selective media, e.g., PLET medium (4) for 

this organism. 


Macrophage and polymorphonuclear neutraphit studies. Gamma irradiated 1. 
anth:.acis vegetative cells (capsulated and non-capsalated) and spores plus varioua 
-
antisera are being supplied by this investigator to the following collaborative 

studies. In studies with MAJ John OOBrien, Physical Science Divieiun, USAMRIID, the 

chemilc.minescent response to h u m n  PMNs upon cxposure tc virulent and avirulent 

cells of 5 anthracis strains opsonized with antlaera directed to various antigens 
(i.e., capsule, cell wall, protective antigen, etc.) is under investigation. LTC 

Arthur Friedlander, Bacteriology Division, USAMRIID, is studying the effect of 

capsule and toxin on the activity of macrophage growth factor and fusion in macro- 

phage of lysosomes with phagosomes which contain ingested &. anthracis cells. 
Finally, Mr. h'erner Janssen is studying the effect of toxin and capsule on phagocy- 

tosis of B. anthracis by various phagocytic cells. 

Rapid identification of B. anthracis. Studies demonstrated that fluorescein 

conjugated antisera to 13, anthracis Sterne strain cell wall selectively strains 5. 
anthracis. Low level cross-reactivity with other Bacillus spezies is removed by 

.adsorption wfth B. cereus ATCC 6464 cell wall. Ktthough most B. cereus and 1. 
thurin@.ensis strains do not stain, a few strains have been found that strongly 

cross-react and areindistingui~hable from 5. anthracis when identification is based 
soley on this FA. These strains include B.
--cereus ATCC 23260, ATCC 19637, ATCC 
7064, NRS-820 and B. thuringiensls ATCC 4045. --B. cereus NRS-820 was found to be a 

mislabeled B. anthFacis strain in that it produces B. anthracis toxin compotents, 
has a typicyl cell composition for anthrax and resembles E. anthracis in many other 
respects. However, it doe6 not produce a capsule. The other cross-reacting strains 

are motile, hemolytic, do not form capsules and have a cell wall chemical 

composition like other &. cereus and B. thuringiensis strains. In addition. these 
abberant strains do not produce the protective antigen component of anthrax toxin as 

determined by a double agar diffusion immunossay developed by Dr. Bruce Ivins. In 

this technique, 1 mm wells are cut 5 rn from a 48 h colony growing on R medium agar 

into which goat antiblera to the Michigan antigen (protective antigen) is added. The 

precipitin lines which formed did not produce discernible lines of identity with 

authentic protective antigen. The nature of the cross-reacting surface antigen of 

these abberant strains is not known since all chemical data to date indicates that 

they resemble other members of their respective species. 


Cell wall antisera is preeently being produced in goats, because it is believed 

that rabbits do not respond to the galactose containing polysaccharide of -0.  
anthracis which chcdcctl data indicett m y  k a najor cell wall component. If goats 
respond to this polysaccharide, as has been demonetrated in horses, the cross-reac- 

tivity problew may be circumvented because FA against this polysaccharide should 

staic only A. anthracis. Monoclones are also being developed in collaboration with 



Biotac Laboratories,  Rockville, MD, agains t  2. anthracis  Sterne s t r a i n  c e l l  wall  a s  
a secsnd possible meails of circumventing cross- react iv i ty  problems. Currently,  a 
dual  system is being used t o  i d e n t i f y  v i ru len t  capsulated 2. anthracis  based on the  
s t a i n i n g  of capsule around c e l l s  grown on nu t r i en t  agar containing 0.8% sodium 
bicarbonate and s t a i n i n g  of the c e l l  wal l  of c e l l s  grown on regular  nu t r i en t  agar. 

Chemical s tud ies  by th in  research u n i t ,  which demonstrated &. anthracie  c e l l  
wal l  t o  contain high l e v e l s  of galactoee suggested tha t  galactose s p e c i f i c  l e c t i n s  
may be use fu l  i n  i d e n t i f f c a t i o n  of t h i s  organism. Collaborative s tud ies  with Dr. 
Doyle have demonstrated tha t  l.an th rac i s  can be d i f ferent ia ted  from these c lose ly  
re la ted  species v ia  ga lac tose  s p e c i f i c  l ec t ins .  

Additional work on anthrax involves the  research e f f o r t s  of Dr .  Bruce Iv ins ,  
MAJ Joseph D. Ristroph, Captains Perry' Mikesell and Thomas Drier a s  well  a s  M r .  
Werner Janssen. The individual  e f f o r t s  w i l l  be covered by topics. 

Development of a new syn the t i c  medium. A new synthetic medium composed of 
amino ac ids ,  s a l t ,  glucose, purines, and pyrimidines was developed (Table VIII) .  
The parameters of growth and toxin  production have been monitored i n  two vaccine 
s t r a i n s  and a v i ru len t  s t r a i n .  The production of the holotoxin and its LF and PA 
components were monitored, using the  double-diffueion (krchterlony techaique and the  
r a t  l e t h a l i t y  assay, i n  two commonly used media a s  well a s  the new medium (R medium, 
Table IX). 

Plasmid i s o l a t i o n  and transformation. Bscause many bacteria use extrachromoso- 
ma1 DNA f o r  toxin r e g u l a ~ i o n ,  seve ra l  s t r a i n s  of E. anthracis  were examined f o r  t h i s  
type of DNA. Two encapsulated, toxigenic s t r a i n s  E. anthracis  (Weybridge end V-770- 
NP1-R) and a v i ru len t  s t r a i n  (Vollum 1B) were cultured and pasaaged f o r  t en  consecu- 
t i v e  days a t  42.5'~ i n  R medium. A t  each passage, a 0 . 0 5 4  cu l tu re  a l iquot  was 
incula ted  i n t o  5.0 ad of f r e s h  media and incubated fur ther  fo r  24 h. Following the  
tenth  passage, individual  colonies from these  broth cul tures  werj  i so la t ed  on sheep 
blood agar,  then inoculated i n t o  125 ad of f r e sh  broth media (10 colony-forming 
u n i t s  per m l ) ,  and incubated f o r  18 h a t  37'~. Bacteria were removed by centrifuga- 
t i o n  and f i l t r a t i o n  end the  r e s u l t i n g  ce l l - f r ee  supernatants were assayed f o r  l e t h a l  
toxin  a c t i v i t y  by intravenous i n j e c t i o n  i n t o  Fisher 344 r a t s  and edema-producing 
a c t i v i t y  by intradermal i n j e c t i o n  i n t o  guinea pigs.,  A l l  three parent s t r a i n s  
exhibi ted  both l e t h a l  and edema f a c t o r  a c t i v i t i e s  whereas the supernatants  from the  
heat- treated s t r a i n s  possessed ne i the r  a c t i v i t y .  Concentrated supernatant f l u i d s  
from heat- treated and unt rea ted  cu l tu res  were a l s o  tes ted  fo r  so luble  antigen by an 
Ouchterlony double-diffusion assay using guinea pig an t i se ra  developed agaias t  
concentrated Weybridge supernantants containing crude whole toxin. With each parent 
s t r a i n  supernatant ,  two s t rong p e r c i p i t i n  l i n e s  were consistently seen. The heat-. 
t r ea ted  s t r a i n s  occasionally showed a s ing le ,  harely discernible p r e c i p i t i n  l i n e ,  
which might represent  recognit ion of so luble ,  nontoxic antigen i n  the  
supernatants. When assayed using Coomassie blue, the protein concentrations of the  
cu l tu re  supernatants  were found t o  be subs tan t i a l ly  grea ter  f o r  the  parent than f o r  
t h e  heat-treated s t r a i n s .  

Anthrax cu l tu res  were screened f o r  extrachromosomal DNA by a modified sarkosyl  
l y s a t e  technique. Plasmids were pur i f i ed  f u r t h e r  by isopycnic u l t r acen t r i fuga t ion  
on cesium chloride-ethidium bromt.de gradients  and.resolved by agarose g e l  e l ec t ro -  
phoresis. Single plasmid species  de tec ted  i n  each untreated parent s t r a i n  had 



TABLE VIII. FGMULATION OF R MEDIUM 

INGREDIENT 

Leucin 

E t a t i d ine  

P ro l i ne  

Tryptophan 

Phenylalanine 

Glycine 

Lysine 

Arginine 

Meth imine  

I so l euc ine  

Threoninc 

Ser ina  

Vali  ne 

Tgroaine 

Cyat ine 

Thiamine 

MnS04 

CaC12,2 H20 

M8S0487 H20 

Adenine S u l f a t e  

Urac i l  

Sodium Glutamate 

Aspar t ic  Acid 

NaHC03 

K2RP04 

R medium ing red i en t s  were added a s  concentrated s tock  so lu t i ons ,  except  f o r  
t y ro s ine ,  Glutamic ac id  Aspar t ic  ac id ,  K2HP04 and NaHC03, which were ad#ed a e  
eo l i d s .  NaHC03 was added a f t e r  a l l  o the r  regents  were combined: medium was then  
f i l t e r - s t e r i l i z e d  through A 0.45- pm f i l t e r .  Uedium was s to r ed  i n  t h e  co ld  i n  t i g h t  
capped f l a ske  . 



TABLE W. PRODUCTION OF ANTIGENS I N  VARIOUS MEDIA BY 3 STRAINS OF -B. 
ANTHRACIS 

Reciprocal Ouchterlony T i t e r  
1095 Thorne R Toxic Unit e l e l  Medium -

S t r a i n  PA LF PA LF PA LP 1095 Thorne R 

molecular weights which ranged from 30-60 X lo6. Plasoid DNA was not detected by 
cesium chlor ide  cen t r i fuga t ion  o r  ge le lec t rophores is  i n  cu l tu res  which had been 
passaged a t  42.5'~. No reversior. t o  the  parent phenotype or  toxin  production was 
demonstrated when heat- treated i s o l a t e s  were regrown a t  3 7 ' ~  f o r  t e n  d a i l y  
subcultures,  nor were plasmid elements detected i n  these cul tures .  

Production of protec t iva  antigen,  Lethal  Factor and Rolotoxin i n  1095, Thorne's 
c a a a d n o  ac ids  and R media by 3 s t r a i n s  of 5. anthracls  war examined. PA and LF 
serologic a c t i v i t y  was assayed by doub led i f fus ion  technique using a n t i s e r a  
recognizing PA and LF. Holotoxin biologic a c t i v i t y  war measured by the  r a t  l e t h a l i -
t y  aseay. 

I n  addit ion,  we have demonstrated t h a t  a Pasteur vaccine s t r a i n  of &. an th rac i s  
(American Type Culture Collect ion No. 4229) a l s o  does not contain plasmid 
elements. Furthermore, l e t h a l  toxin  and edema-producing a c t i v i t i e s  were not detect-
ab le  i n  cu l tu re  supernatants;  t h i s  s t r a i n  was a l s o  similar  t o  the  heat- treated 
s t r a i n s  with respect  t o  se ro log ica l  a c t i v i t y  and protein concentrat ion i n  the  super- 
natant .  

Based on these observations,  it was necessary t o  demonstrate t h a t  the  elimina- 
t i o n  of plasmids was not a coincidenta l  event t o  heat-attenuation of chromosomal-
borne toxin  genes. Transformation experiments were therefore performed according t o  
the method of Chang and Cohen using heat- treated V-770-NP1-R c e l l s  and plasmid DNA 
pur i f i ed  from the parent s t r a i n .  Four hundred f i f t y  colonies from regenerat ion 
media p l a t e s  were s t~b- inocu la ted  onto iuununoassay plates which contained the  
defined medium, 1%aga.rose and 1.5 m l  of a n t i e e ~ m  from goats (immunized with v iable  
rpores of the  Weybridge s t r a i n ) .  Parent and heat-treated i s o l a t e s  were used a s  
con t ro l s  on a l l  assay p la tes .  Three transformants were i d e n t i f i e d  by immunoprecipi-
t i n  halos which formed around the  colonies. The supernatants from broth cu l tu res  of 
these  transformants and from cu l tu res  of colonies which did not evidence p r e c i p i t i n  
halos  were reassayed f o r  edema-producing and l e t h a l  toxin a c t i v i t i e s .  Ce l l s  were 
a l s o  screened from extrachromosomal DNA a s  previously described. Lethal  toxin  and 
edema-producing a c t i v i t i e s  were res tored  and p l a s d d  DNA, s i m i l a r  i n  molecular 
weight t o  t h a t  of the  parent s t r a i n ,  wae re i so la t ed  only from cu l tu res  of the  th ree  
transformante. 



It appears t h a t  plasmid genes a r e  involved i n  t he  product ion of anthrax tox in ,  
a l though t h e i r  s p e c i f i c  r o l e  remains t o  be e luc ida ted .  Addi t iona l ly ,  i t  is  l i k e l y  
t h a t  Pasteur 's success  i n  a t t enua t i ng  of t he  anthrax b a c i l l u s  occurred a s  a r e s u l t  
of cur ing  t h e  s t r a i n  of i t s  pleemid component through sequen t i a l  paseager a t  
e l eva t ed  temperature. 

The a p p l i c a t i o n  of recombinant DNA technology w i l l  g r e a t l y  f a c i l i t a t e  a b e t t e r  
understanding, no t  only of t h e  molecular i n t e r a c t i o n s  of each t ox in  moiety, but a l s o  
of t he  mechanism of a c t i o n  of t h e  anthrax holotoxin. Conceivably, t he se  s t u d i e s  
w i l l  eventua l ly  c o n t r i b u t e  t o  t h e  development of a more e f f i c a c i o u s  human vaccine. 

E lec t ron  microscopy of extrachromosomal DNA. The ob j ec t i ve s  of t h i s  por t ion  of 
t h e  research  on Bac i l l u s  ar . thracis  a r e  1) determine t he  s i z e  and s t r u c t u r e  of vlas-- - - ~ ~-- ~ 

m i d ~  i s o l a t e d  from vazfous s t r a i n s  of i . a n t h r a c i s  (i.e., molecular weight and c i rcu-  
l a r i t y )  and 2) analyze t h e  homogenity between t he  plasmids of t h e  var ious  s t r a i n 8  
(heteroduplex mapping). 

Di rec t  observa t ion  of extrachromosomal DNA requi res  a r e l i a b l e  spreading tech- 
nique. However, we were unable t o  ob t a in  s a t i s f a c t o r y  r e s u l t s  fol lowing published 
pro tocols  (ammonium a c e t a t e  and formamide techniques).  I n  January, Dr.  H. Gonda 
spent  a day t r a i n i n g  u s  i n  t h e  p e c u l i a r i t i e s  of t h e  formaraide technique. Since 
then,  we have e s t ab l i shed  a pro tocol  based on D r .  Gonda's methods t h a t  g ive  
e a t l a f a c t o r y  r e s u l t s  based on observa t ions  from Col El and X174 c i r c u l a r  DNA, Plae-
mids from V770 have been photographed and a r e  await ing Wasurement. Prel iminary 
d a t a  by EM i n d i c a t e  t h a t  t h e  molecular weight of V770 plasmid ( 2 1 1 0  md) is m c h  
l a r g e r  than o r i g i n a l l y  es t imated  by g e l  e lec t rophores i s  (30-70 Md). 

In  v i t r o  assays  of v i ru l ence  and hos t  phagocytic defense system. Ongoing 
research  is intended t o  d ~ t e r m i n e  t he  r e l a t i onsh ip  between B. a n t h r a c i s  v i ru lence  
and hobt phagocvt ic  defense systems. I n i t i a l  e t ud i e s  have involved exposing neutro- 
p h i l s  i n  hepar in ized  blood from anthrax-vaccine naive human donors t o  one of t h e  
following: r ad i a t i on -k i l l ed  encapsulated B. an th rac i s  wi th  and without s p e c i f i c  
a n t i s e r a ;  -B. -a n t h r a c i s  crude t ox in ;  l e t h a l fa-; p ro t ec t i ve  an t igen  (PA); o r  
concentrated PA. The blood p l u ~  t e s t  ma te r i a l  were contained i n  10 X 75 unn serolog-
i c  tubes incubated a t  3 7 ' ~  f o r  1 h on a rack r o t a t i n g  20 r.p.m. Giemsa-stained 
blood smears were prepared from t e s t  mixtures con t a in i l~g  i.anthr.scis organisms and 
t h e  percentage of neu t roph i l s  i nges t i ng  B. an th rac i s  determined. Mecnwhile, 
a l i q u o t s  of 18 h c u l t u r e  of Vibr io  parahemolyticus were added t o  t h e  t e s t  mixtures 
which were then  incubated another  hour a s  descr ibed;  Giemsa-stained blood smears 
were aga in  prepared and t h e  percentage of neut rophi l s  i nges t i ng  5 parahemolyticus 
determiaed, and microscope e l i d e  c u l t u r e s  of t a ch  t e s t  mixture were prepared, incu-
bated a t  3 7 ' ~  f o r  3 h, and t h e  percentage of neut rophi l s  conta in ing  v i ab l e  L. para-
hemolyticus determined. 

Prel iminary r e s u l t s  i nd i ca t ed  t ha t :  1) rad ia t ion-k i l led  encapsulated D.- -anth-
r a c i s  were very a c t i v e l y  phag~cy tosed  by a l l  neu t rophi l s  i n  heparinized human whole -
blood, and t h e  add i t i on  of s p e c i f i c  capsu la r  o r  c e l l  wal l  r abb i t  ant iserum t o  t e s t  
system had no app rec i ab l e  opsonic e f f e c t ;  2) pre-treatment of heparinized whole 
blood w i th  r ad i a t i on -k i l l ed  encapsulated 5 an th rac i s ,  crude tox in ,  LF, o r  PA had no 
e f f e c t  on t h e  v i b r i o c i d a l  a c t i v i t y  of human neut rophi l s  i nges t i ng  5 parahemolytic-
u s *  3) t h e  e f f e c t  of neu t roph i l  i nges t i on  of dead encapsulated E. a n t h r a c i s  on 
eubeequent phagocytosis  of 1. parahemolyticus could not be determined because phago- 
cy t i zed  B. a n t h r a c i s  obscured t h e  inges ted  v ib r io s  i n  many neutrophi ls .  Pre- t reat-
ment w i t h  crude t o x i n  o r  LF d i d  cause a s i g n i f i c a n t  decrease i n  t h e  percentage of 
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neutrophile inge r t ing  1. parahemolyticue i n  half  the blood eamples; and pre-treat- 
ment with protec t ive  ant igen almost completely inhibited phagocytoeie i n  the eamplee 
t e r t ed .  

There r t u d i e r  a r e  continuing an6 w i l l  be expanded t o  include l i v e  encapsulated -B. an th rac i r  and mcrophagee a s  wel l  a8 neutrophilcr under i n  vivo conditione. 
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s funct ion of the  r e s t i n g  s t a t e  of the  c e l l  but r e f l e c t s  the s t r eng th  of the  a n t i v i r a l  
s t a t e  induced by in te r fe ron .  Pathogenesis s tud ies  of le thal  Pichinde v i r u s  i n f e c t i o n  i n  
train 13 guinea pigs  showed t h a t  the  main causes of death were associa ted wi th  pulmonary 

edema, metabolic ac idoses ,  decreased ca rd iac  output and d r a s t i c  reduction of body 
weight. P u b l i c a t i o ~ ~ s :  Tolixon 19:701-704, 1981. Fed. Proc. 41:1133, 1982. In fec t .  and 
True. 37:771-778, 1982. Am. J .  Trop. b d .  Hyg. 31:1038-1045, 1982. 3. Egpt. Pu. H. 
boot. 56:374-402, 1981. 
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Work Unit No. 871 BC 148: Prevention of Viral Diseases of P o t e n t i a l  BW 
Importance 

Background: 

This  study i s  t a rge ted  toward the  development of s a f e  and e f f c c t i v e  vaccines 
t o  p r o t e c t  t h e  s o l d i e r  a g a i n s t  c e r t a i n  unusual,  h ighly  dangerous v i r a l  i n f e c t i o n s  
such a s  Lassa,  Ebola, R i f t  Valley f eve r s ,  Chikungunya i n f e c t i o n ,  a s  w e l l  a s  
Argentine,  Bol iv ian  and Korean hemorrhagic f eve r s .  Except f o r  a formali.1-
i n a c t i v a t e d  R i f t  Valley f eve r  vaccine,  acceptable  vaccines a r e  not a s  y e t  
a v a i l a b l e .  S p e c i f i c  a n t i v i r a l  therapy has been lacking and p a t i e n t s  wi th  any of 
t h e s e  i n f e c t i o n s  must be t r e a t e d  wi th  gene ra l  suppor t ive  measures, none of which a r e  
a b l e  t o  des t roy  t h e  invading v i ruses .  These v i r u s e s  have c h a r a c t e r i s t i c s  of a e r o s o l  
s t a b i l i t y  and high i n f e c t i v i t y  which meke them s i ; ~ n i f i c a n t  t h r e a t s  a s  p o t e n t i a l  
b i o l o g i c a l  warfare  (BW) agents .  S tudies  on these  h ighly  dangerous v i r u s e s  a r e  t ime 
consuming because they must be performed i n  biohazard contai.nment l a b o r a t o r i e s  under 
t h e  w e t  r i g i d  requirements f o r  microbiological  s a f e t y  

There v i r u s e s  a r e  not  only highly dangerous, but a r e  poorly understood. It 
ha6 been necessary,  t h e r e f o r e ,  t o  develop a base of e c i e n t i f i c  informat ion on which 
t o  make r a t i o n a l  judgemento regarding t h e  methods f o r  developing vaccinas.  This  ha6 
n e c e s r i t a t e d  t h e  c a r e f u l  c h a r a c t e r i t a r i o n  of appropr i a t e  animal models i n  o rde r  t o  
d e r i v e  an enhanced understanding of d i sease  pathogenesis,  i.e., t h e  n a t u r e  and 
progress ion of t h e  v i r a l  d i s e a s e  under study.  Animal s t u d i e s  inc lude i d e n t i f i c a t i o n  
of t a r g e t  organs and documentation of h i s t o p a t h o l o g i c a l  evidence of v i r a l  r ep l i ca -  
t i o n  and of c e l l u l a r  i n j u r y ;  e s t a b l i s h i n g  the  r o l e  of hos t  immunity i n  p r o t e c t i n g  
a g a i n s t ,  o r  c o n t r i b u t i n g  t o ,  t h e  d i sease  process;  i d e n t i f y i n g  t h e  r o l e  of hos t  
gene t i c s  i n  s u s c e p t i b i l i t y  and r e s i s t a n c e ;  e s t a b l i s h i n g  t h e  mechanisms of immunity 
t o  d i sease ;  de termining t h e  d i f f e r e n t i a l  immune response t o  pe r iphe ra l  v i r u s  inocul-  
a t i o n  i n  comparison t o  a e r o s o l  chal lenge;  and i d e n t i f y i n g  s i g n i f i c a n t  f a c t o r s  f o r  
mainta in ing long-term immni ty  t o  these  b i o l o g i c a l  warfare  t h r e a t s .  

The experimental  approaches employed t o  achieve  program o b j e c t i v e s  a r e  
n u l t i d i s c i p l i n a r y ,  They a r e  based on innovat ive  combinations of v i ro logy,  
ilmnunology, serology,  microbiology, immunochemistry, aerobiology, pathology, 
c e l l u l a r  b io l .  p, gene t i c s  and t i s s u e  c u l t u r e  technology. 

The P r i n c i p a l  I n v e s t i g a t o r  f o r  t h i s  work u n i t  i s  LTC C. J. Pe te r s ,  MC. Contri-
but ing r e sea rch  i n v e s t i g a t o r s  and t h e i r  a rea  of r e sea rch  include: P. E. Cole and J. 
8arrera-0ro  - Argentine hemorrhagic fever  vaccine s t u d i e s ;  F. E. Cole and N. H. 
L e v i t t  - Chikungunya v i r u s  vaccine s t u d i e s ;  P. B. J a h r l i n g  - Lassa f eve r  s t u d i e s ;  E. 
D. Johnson - Ebola v i r u s  - . -d i e s ;  C. T. Liu - phys io log ica l  aspect8  of t h e  
pathogenesis  of a r e n o v i n  1; i n f e c t i o n s ;  C. J. P e t e r s  - R i f t  Valley f eve r  v i r u s  genet- 
i c  a tud iee ;  D. D. LaBarre - R i f t  Valley f eve r  immunological s tud ies .  



-- 

Progress  : 

Stud i e s  have cont inued on t h e  development of an at tenuated Argentine Hemorr- 
hag ic  Fever (AHF) vaccine. The d i s e a s e  i s  acu t e ,  severe,  moderately l e t h a l  and is 
caused by Junin  v i r u s ,  a member of t h e  Arenavirus  family. Since t h i s  v i r u s  is  
perceived t o  have s i g n i f i c a n t  BW p o t e n t i a l ,  i t  is  imperative t h a t  a s a f e  and e f f ec -  
t i v e  vaccine be developed i n  o rde r  t o  immunize t roops  againet t h e  d i sease .  

A s  descr ibed  i n  t h e  FY 81 Annual r e p o r t ,  t h r e e  vaccine seed candida tes  were 
e e l e c t e d  f o r  f u r t h e r  eva lua t i cn .  A l l  t h r e e  candida te  seeds were wre a t t enua t ed  
than  even t h e  c lone  3 vaccine,  t h e  s t r a i n  used t o  immunize 636 people i n  Argentina 
i n  1969 - 1971. This  observa t ion  was based on r e s u l t s  obtained by t h e  i n t r a c e r e b r a l  
i nocu l a t i on  of 11-to-12-day o l d  suck l ing  mice and baby and adu l t  guinea pige. These 
candida te  seeds  were a l l  shown t o  be g e n e t i c a l l y  s t a b l e  during m l t i p l e  c e l l  c u l t u r e  
passage. One of them, Candidate # I ,  a l s o  demonstrated l i t t l e  o r  no neurovirulence 
a s  t e s t e d  i n  guinea p ig s  and a few monkeye. This  seed virus ,  Candidate #1, was used 
t o  prepare  a secondary o r  product ion seed l o t  of 1.5 l i t e r a .  The secondary seed was 
used t o  prepare mall l o t  of vaccine. The seeds  and vaccine were produced under 
FDA Regulat ions '*'and a r e  c u r r e n t l y  undergoing extensive s a f e t y  t e s t i n g .  The 
r e s u l t s ,  t o  d a t e ,  i n d i c a t e  no contaminat ion and no l o s s  of a t tenua t ion .  A vaccine 
s u i t a b l e  f o r  use  i n  man should be a v a i l a j ~ l e  by l a t e  winter  1983, ba r r i ng  unforeseen 
circumstances. 

E f f o r t s  t o  prepare a s a f e  and e f f e c t i v e  vaccine f o r  Chikungunya v i r u s  have 
not  been succes s fu l  due t o  a v a r i e t y  of problems; f p r  exanple, f a i l u r e  of s e l e c t e d  
c lones  t o  maintain g e n e t i c  s t a b i l i t y  and l a c k  of immunogenicity. Carefu l  examina- 
t i o n  of CHIK vaccine s t r a i n  181 revea led  two eub-populations of v i r u s  plaque 
formers;  a smal l  plaque of 0.5 t o  1.0 um, and a medium sized plaque of 1.0 t o  2.0 
ma. The wi ld  paren t  has  a plaque s i z e  of 5 t o  9 mm. Six small and s i x  medium s i zed  
plaques were s e l e c t e d  f o r  a d d i t i o n a l  s tudy.  Two a r e  cur ren t ly  undergoing t e s t i n g ,  
one small plaque,  termed c lone  19, and one medium e i z e  plaque, termed c lone  30. The 
o t h e r  10 c lones  a r e  s t o r e d  f rozen  a s  r e se rve  seeds  pending t h e  r e s u l t s  from c u r r e n t  
s t ud i e s .  Clones 19 and 30 were s e l e c t e d  because of t h e i r  acceptab le  v i r u s  t i ter ,  
homogeneous plaqus popula t ion  and small and medium s i zed  plaques, r e spsc t i ve ly .  

I n  a plaque reduc t ion  n e u t r a l i z a t i o n  t e s t ,  100 PFU of each c lone  (if19 and # 
30) were completely n e u t r a l i z e d  by c e r t i f i e d  N I H  Research Reference Reageut CHIK 
hyperimmune a e c i t i c  f l u i d ,  t hus  confirming t h e i r  i d e n t i t y  a s  CHIK v i ru se s .  

I n  v i t r o  r eve r s ion  s t u d i e s  were conducted wi th  t he  two candida te  c lones  t o  
determine whether they a r e  g e n e t i c a l l y  s t a b l e ;  t h a t  is, would r e t a i n  t h e i r  
c h a r a c t e r i s t i c  b i o l o g i c a l  markers of a t t enua t i on .  This  was accomplished by pass ing  
each c loae  f o r  f o u r  s e r i a l  passages i n  MRC-5 c e l l s  using high (undi lu ted)  v i r u s  
i n p u t s ,  examining each passage l e v e l  f o r  observable  changes i n  plaque s i z e  and 
t i t e r .  

Clone 19 i nc rea se s  t n  t i t e r  a t  each passage l e v e l  with a concomitant i nc r ea se  
i n  plaque s i z e  equa l  t o  t h a t  of t h e  medium s i z e  plaque var ian t ,  c l one  30. On t h e  
o t h e r  hand, c lone  30 main ta ins  i t s  t i t e r  throughout t h e  four passage l e v e l s  wi th  a 
r e l a t i v e l y  s l i g h t  i n c r e a s e  i n  plaque s i z e .  Most importantly, t h e  medium plaque 
v a r i a n t  does not  r e v e r t  a f t e r  f ou r  passes  t o  a i a r g e  plaque s ize .  Neurovirulence 
r t u d i e s ,  i n  weanling mice and rhesus  monkeys w i l l  be i n i t i a t e d  sho r t l y .  



A t o t a l  of 385 s e r a ,  obtained from a c u t e l y - i l l ,  f e b r i l e  p a t i e n t s  h o s p i t a l i z e d  
i n  L ibe r i a ,  were t e s t e d  f o r  i n f e c t i o u s  v i r u s ,  f luorescen t ,  and n e u t r a l i z i n g  
an t ibod ies  t o  Lassa vi rus .  Twenty-seven f r e s h  i s o l a t e s  were obtained, including two 
f r o a  p a t i e n t s  who acquired t h e i r  i n f e c t i o n s  i n  Nigeria,  and th ree  from Guinea. Of 
t h e  385 s e r a ,  87 t i t e r e d  10 by i n d i r e c t  f luorscen t  antibody t i t e r  (IFAT) t o  l a s s a ,  
but only 8 contained d e t e c t a b l e  n e u t r a l i z i n g  antibody. In  a  s e r i e s  of 10 p a t i e n t s  
from whom sequen t i a l  (followup) s e r a  were a v a i l a b l e ,  i t  is  d e a r  t h a t  while IFAT 
t i t e r s  peak wi th in  one month of i n f e c t i o n ,  neu t ra l i z ing  an t ibod ies  evolve more 
slowly,  even when IFAT t i t e r s  begin t o  vane. Thus, convalescent p a t i e n t s  s e l e c t e d  
months t o  yearw a f t e r  i n f e c t i o n  genera l ly  have higher  log n e u t r a l i z a t i o n  index (LNI) 
t i terr  than those  more recen t ly  infected.  Mgher  LNI t i t e r s  a r e  a l s o  obta ined when 
the  geographic origin^ of plasma and chal lenge v i r u s  a r e  matched. Neutra l iz ing and 
IPAT reaponses i n  cynomlgus  and rhesus monkeys surviving i n f e c t i o n  without thera-  
p e u t i c  in te rven t ion  were s i m i l a r  t o  t h e  p a t t e r n s  observed i n  human p a t i e n t s .  IFAT 
t i t e r s  peaked by 30-60 days,  then grndually receded, while LNI t i t e r s  co~ l t inued  t o  
inc rease  f o r  a t  l e a s t  8 months, 

Higher q u a l i t y  human immne plasma u n i t s ,  t h a t  i a  those with higher  LNI t i t e r s ,  
were obtained once i t  was recognized t h a t  l a t e  convalescent plasma genera l ly  
contained higher  LNI t i t e r s .  While plasma co l l ec ted  p r i o r  t o  1981 was s e l e c t e d  
pr imari ly  on the  bas i s  of IFAT t i t e r s  o r  even anecdotal  information,  plasria 
c o l l e c t e d  more recen t ly  was obtained pr imari ly  from p a t i e n t s  with confirmed Lassa 
v i r u s  i n f e c t i o n s  occurr ing 6 months o r  more previously.  

Se ro log ic  r e l a t i o ~ ~ s h i p s  among Lassa v i r u s  s t r a i n s  were explored and compared t o  
lymphocytic chor iomeningi t i s  ( L a )  v i r u s  us ing the  now standard v i r u s  d i l u t i o n  
n e u t r a l i z a t i o n  t e s t ,  aod a  newly-developed serum d i l u t i o n  n e u t r a l i z a t i o n  t e s t  en-
hanced bv t h e  a d d i t i o n  of p r o t e i n  A. Using both procedures, i s o l a t e s  were serologi-
c a l l y  r e l a t e d ,  yet  d i s t ingu i shab le .  LCM was weakly neutra l ized by a l l  Lassa s t r a i n  
a n t i s e r a  except Mozambiqbe, y e t  LCM antiserum neu t ra l i zed  only LCM. Although corre-
l a t i o n  between ee ro log ic  r e l d i o n e h i p s  and c ross  protect ion m e t  await  completion of 
c u r r e n t  t e s t s ,  LCM is c l e a r l y  more cY:sely r e l a t e d  t o  Lassa v i r u s  s t r a i n s  than was 
previously  surmised. 

Experimzntally inocula ted primates a r e  a  p o t e n t i a l  source of high t i t e r e d  
plasma and despec ia t ion  techniques could conceivably be employed t o  produce immune 
mate r i a l  s u i t a b l e  f o r  use  i n  httman pa t i en t s .  An a l t e r n a t i v e  approach ts t h e  f rac-  
t i o n a t i o n  and concentra t ion of IgG from whole plasma using es tab l i shed  techniques.  
Human and monkey immune plasmas were f r a c t i o n a t e d  and concentrated. The human 
plasma, 1,NI of 0.6, d id  not  p ro tec t  guinea pigs ,  but following f r a c t i o n a t i o n  and 
concentra t ion t h e  undi lu ted mate r i a l ,  wi th  an LNI of 4.3 and 1:4 d i l u t i o n ,  wi th  an 
LNi of 2.4, both protected guinea pigs.  Likewise IgG prepared from monkey plasma, 
wi th  an LNI of > 4.3 a t  a 1:8 d i l u t i o n ,  conferred protect ion t o  guinea pigs  even 
when d i l u t e d  1:64. I n  another  s tudy,  s e r o l o g i c  d i f fe rences  among Lama v i r u s  
s t r a i n s  were defined i n  c ross  n e u t r a l i z a t i o n  t e s t s  using guinea pig ,  monkey, and 
human convalescent plasma. Increased LNI t i t e r s ,  and enhanced p ro tec t ion  of 
pass ive ly  administered plasma, were obtained when geographic o r i g i n s  of v i r u s  an.d 
plasma were matched. It m y  be concluded from these  discoveries t h a t  a s o l i d  found- 
a t i o n  of knowledge is  being generated from which b e t t e r  tveatment modal i t ies  a r e  
becoming a v a i l a b l e  f o r  Lassa fever .  



Bb0h  hemorrhagic fever  v i r u r  (EHFV) r t u d l e s  have concentrated upon 
e r t a b l i r h i n g  ins igh t  i n t o  the  epidedology/ecology and pathogenesis of EHFV. 
Current inves t iga t ione  u t i l i z e  the  l imi ted  avai lable  techniques, while developing 
the necessary and addi t ional  too l s ;  t h a t  is,  assay procedures and experimental 
models, i n  order t c  explore both of these area6 i n  greater  depth. Along these 
l i n e r ,  experiments have been undertaken: (1)  t o  develop a re l i ab le ,  s e n s i t i v e  assay 
f o r  de tec t ing  the v i rus  and clrr- : lacing neu t ra l i z ing  antibody, a s  well  a s  (2 )  t o  
e s t a b l i s h  an animal model i n  which the  importance of the host defense system t o  EHFV 
can be evaluated. 

The observation t h a t  a s i g n i f i c a n t  proportion of guinea pigs being maintained 
ar m add i t iona l  food rource by the  na t ive r  of northvestern Zaire were seroposi t ive  
t o  EHW war the f i r s t  indica t ion  t h a t  eazoot ic  infec t ions  lrry occur i n  c e n t r a l  
Africa. An expedit ion was sent  t o  t h i s  region i n  an attempt t o  b e t t e r  def ine  the  
epidemiology/ecology and pathogenicity of EHFV. Field samples were col lec ted  from 
two areas  and included s e r a  from guinea pigs,  r a t s  and humans near households which 
maintained guinea pigs. Serum samples were screened by indirect  immunofluorescents 
antibody ter't (IPAT) f o r  antibody s p e c i f i c  t o  R i f t  Valley fever v i rus ,  Lassa v i rus ,  
Congo-Crimean hemorrhagic fever  virus and Marburg and Ebola viruses. Rodent t i s s u e  
and arthropod samples were a l s o  col lec ted  and screened for  infec t ious  Ebola virue. 
None of the samples were seroposi t ive  t o  R i f t  Valley fever or  Lassa viruses;  
however, a low frequency of samples was found t o  be positive t o  Ebola, Marburg and 
Congo-Crimean hemorrhagic fever  viruses.  EHFV-positive guinea pig samples were 
col lec ted  i n  only th ree  of s i x  v i l l a g e s  whife seropoeitive natives were i d e n t i f i e d  
i n  a11 of the  rurveyed vi l lages .  

The epidemiological s ign i f i cance  of c i r c u l a t i n g  non-neutralizing IFAT 
detec table  antibody i n  the  nat ive  and guinea pig population of northwestern Zaire i e  
unclear.--The p o e s i b i l i t y  tha t  t h i s  antibody r e f l e c t s  e i ther  the presrmce of a l e s s  
v i ru len t  v i r u s  which cross-reacts  se ro log ica l ly  with members of the  brburg/Ebola  
v i r u s  group o r  the t r u e  low pathogenicity of EHFV infections cannot be determined. 
In  addi t ion ,  the  r o l e  t h a t  guinea p igs  play i n  the maintenance and transmission 
cycler  of EHPV is not yet  c lear .  I n  l i g h t  of the  very preliminary observation t h a t  
f a t a l  in fec t ions  can be transmitted o r a l l y  t o  naive animals by the  u r ine  from in- 
fec ted  animals, the  p o s s i b i l i t y  t h a t  rodents a r e  i n  some way important i n  the  
dissemination of v i rus  cannot be ruled out. The recent flnding t h a t  maetomys and 
paomys captured i n  the  Central  African Republic a r e  seropositive t o  EHFV may support 
t h i r  poss ib i l i ty .  

Several  techniques have been employed t o  develop an assay t o  measure in fec t ious  
EHFV and neu t ra l i z ing  antibody. The p o s s i b i l i t y  of using a plaque assay f o r  t h i s  
purpose was explored f i r s t  using severa l  c e l l  l i n e s ,  diluente, overlay media and 
various add i t ives  such a s  dimethylsulphoxide, protamine sul fa te ,  DEAE dextran,  
actinomycin D and other  variables.  EHPV plaques best but inconsistently i n  Vera 
c a l l a  ~ i n t a i n e d  i n  Eagles basal  medium with Earle's s a l t r ,  0.4% agarose a d  4% heat  
inact iva ted  f e t a l  ca l f  serum. I n  addi t ion ,  l imi ted  eucceas has been achieved i n  
e s t ab l i sh ing  a s t a b l e  plaque pur i f i ed  cytocidal  v i rus  clone which could be used i n  a 
plaque asray. However, the most promising technique t o  measure in fec t ious  v i rus  has 
been an ind i rec t  radio-labelled antibody (RLA) method. This assay c a p i t a l i z e s  on 
the  conoir tent  observation t h a t  i n f e c t i v i t y  a s  measured by i~tmunofluorescence TCIDSO 
(50%t i e r u e  cu l tu re  in fec t ious  dose) is  consis tent ly  100 times higher than t h a t  
measured by a plaque array." 



A t  p resen t ,  t h e  1 2 5 1 - ~ t a p h - ~  s y s t e a  reeae t o  be t h e  r o o t  r e l i a b l e  and l e a s t  
ti- consuming method f o r  d e t e c t i n g  bound antioodp. The e m y e a  system8 a r e  more 
s e n e i t i v e ,  but unfo r tuna te ly  background noise has been r o u t i n e l y  e l e v d e d .  Proce-
dures  t o  reduce background react ion* have f a i l e d  t o  comple tdy  e l imina te  t h i s  
problem. Incorporat ing a l k a l i n e  phcsphate l a  ed S t a p h 4  i n t o  the  assay may prove 
t o  b. t he  best comprclire.  By u t i l i z i n g  the  P''I-Staph-A method, very I n  level. of 
i n f e c t i o u s  v i r u s  can be de tec ted  i n  MRXC-5 c e l l s  a s  e a r l y  a s  3 days pos t in fec t ion .  

I n t e r f e r o n  may be an important f a c t o r  i n  Lhe recoverp of EBFV i n f e c t i o n  
because: ( a )  8 p o t e n t i a l l y  f a t a l  human case was success fu l ly  t r e a t e d  wi th  
pass ive ly  administered human leukocyte i n t e r f e r o n  and convalescent rera; (b) guinea 
p i g s  t r e a t e d  wi th  the  i n t e r f e r o n  Lnducer, Poly(1LLC) a r e  r e s i s t a n t  t o  a f a t a l  SBW 
challenge.  E f f o r t s  t o  develop a guinea p ig  m d o l  t o  s tudy i n t e r f e r o n  were n o t  
aucceesful.  The g d n e a  p ig  is aimplp not an appropr ia t e  host .  At p resen t ,  it i r  
unc lea r  whether o t h e r  l abora to ry  animals, including the  wnkey ,  can be used t 9  s tudy  
i n t e r f e r o n .  Much more research needs t o  be performed on t h i c  h ighly  dangerous but 
poorly understood vi rus .  

Phys io log ica l  s t u d i e s  of the  pathogenesis of a renav i rus  i n f e c t i o n s  were 
continued under P2 biohazard containment u, . lng Pichinde v i r u s  i n  s t r a i n  2 o r  13  
inbred guinea p igs  and MU s t r a i n  of hamsters. The advantages f o r  us ing Pichinde 
v i r u s  a r e  obvious: t h e  v i r u s  does not produce any adverse e f f e c t s  i n  man; t h e  
symptoms produced i n  t h e  inbred guinea pig  c l o s e l y  p a r a l l e l  those  produced by t h e  
more v i r u l e n t  arenaviruses .  Pathogenesis s t u d i e s  of l e t h a l  Pichinde v i r u s  i n f e c t i o n  
i n  s t r a i n  13 guinea pig8 were emphasized. The most lvtriking r e s u l t s  i n d i c a t e  t h a t  
the  main cause of death  were as soc ia ted  wi th  pulmonary edema, metabolic a c i d o s i s ,  
vasocons t r i c t ion ,  decreased c a r d i a c  a r t p u t ,  and a d r a s t i c  reduct ion of body 
weight. Balance s t u d i e s  f o r  energy, water,  n i t rogen,  f a t  and e l e c t r o l y t e s  were a l s o  
i n i t i a t e d  and techniques were es t ab l i shed  f o r  c o l l e c t i n g  u r i n e  and feces  us ing t h e  
i n d i v i d u a l  pan wi th  w d i f i c a t i o n e .  Tota l  body composition of the  guinea p i g  was 
achieved by g r ind ing  t h e  dese ica ted  body i n t o  a f i n e  homogenous powder f o r  ext rac-  
t i o n  and d i s s o l u t i o n  p r i o r  t o  chemical analyses.  X-ray techniques f o r  t ak ing  a 
c l e a r  cheet  p i c t u r e  were s tandardized i n  order  t o  v i s u a l i z e  pulmonary edema and . 
h e a r t  s i z e  of the  guinea pfg. .Moreover, a t i l t - t a b l e  was const ructed f o r  atudying 
o r t h o s t a e i s  and i n t e g r i t y  of t h e  sympathetic nervous s y s t e m  i n  maintaining blood 
preesure  dur ing t i l t i n g .  This w i l l  reveal  e a r l y  compensated cardiovascular  dysfunc- 
t rone  dur ing in fec t ion .  F i n a l l y  the  physiology l abora to ry  was re turned from 
USAMBRDL t o  the  new s e c t i o n  of bui ld ing 1412. 

One aspect  of t h i s  r e sea rch  continues t o  be t h e  understauding of the  g e n e t i c  
b a s i s  of r e s i s t a n c e  t o  f u l d n a n t  RVP i n f e c t i o n  i n  a def ined r a t  moccl. It was 
previously  repor ted t h a t  macrophage cu l tu res  i n  v i t r o  r e f l e c t e d  t h e  d i f f e r e n t  i n  
v ivo s u s c e p t i b i l i t y  of r e s i s t a n t  Lewis (LEU) and suscepti ' . le  Wistar Fur th  (w)--
rats. These observat ions  were extended t o  ehow t h a t  v i r u s  y i e l d  .a g r e a t e r  and t h e  
a w u n t  of v i r u s  necessary t o  i n f e c t  is l e e s  in WP t h a t  LEU macrophage cu l tu res .  
These f ind ings  suggest  t h a t  one mechanism which c o n t r o l s  l i v e r  v i r u s  r e p l i c a t i o n  i n  
LEW r a t s  is t h e  d i f f i c u l t y  i n  i n f e c t i n g  l i v e r  macrophagee and t h e  e m 1 1  a w u n t  of 
progeny v i r u s  obta ined from those  phagocytes which a r e  infected.  Hacrophage tesis-
t a m e  appeared t o  be due t o  t h e  s t r e n g t h  of t h e  a n t i v i r a l  r t a t e  induced by i n t e r -
fe ron  o r  o t h e r  lymphokinee. 



The observation of l a rge  d i f ferences  i n  suscep t ib i l i ty  of c e r t a i n  inbred r a t  
r t r a i n r  t o  t h e  ZH501 s t r a i n  of RVFV wao made more in teres t ing  by the  f inding t h a t  
only ZHSOl and o the r  Egyptian rims s t r a i n s  showed t h i s  kh?vior.  RVFV s t r a i n s  from 
Kenya, Uganda, Zimbabwe, and South Africa wert v i ru lent  for  o ther  animals but d id  
not k i l l  r a t s  even of a suscept ib le  genotype. This finding of s e l e c t i v e  
s u s c e p t i h i l i t y ,  manifest only with a prec ise  host-virus combination, is  an important 
concept i n  viewing pathogenesis of v i r a l  a i seases  and inferring whether or  not 4 

v i rus  is "virulent". In  the combination using RW and ra ts ,  the Egyptian s t r a i n s  
euch ae ZH501 a r e  only highly v i ru len t  13 a pa r t i cu la r  d u l t  Inbred r a t  l ine .  I n  
general ,  t he re  is no c l e a r  evidence t h a t  Egyptian viruses are  "hot" o r  tha t  the 'a 
r a t  is more suscept ib le  t o  infec t ions .  Additional evidence t o  support t h i s  concept 
was obtained with Phlebovirus systems under study. Lac': year i t  was reported t h a t  
ea8tern Panamanian s t r a i n s  of Punta Toro (PT) virus, such M the ALlames s t r a i n  (PT- 
A), were v i ru len t  f a r  adu l t  hamsters whereas o ther  s t r a i n s  such a s  t h e  prototype . -

(PT-P) were not. Additional surveys were completed and i t  vas discovered tha t  
Chinese hamsters (Cr ice tu lus  r i s e u s )  wccumb t o  infection with PT-A but not PT-P. 
X t  was a l s o  shown t h a t  cotton-7r a t s  Signodon hispidus) from our colony a re  r e s i s t a n t  
t o  ZH501 but t h a t  N I H  cot ton  r a t s  a r e  zxqui9itely susceptible. The Mexican-derived 
cot ton  r a t  colony in terbreeds  with the !JIH US-derived colony, confirming t h a t  they 
a r e  the same species  and allowing fu tu re  s t u d i e s  t o  determine the mode of 
inheri tance.  

j
The in te r fe ron  inducing a b i l i t y  of CP20,961 has been examined i n  cynomolgus 

monkeys a t  0.1%, 1.O, and 10 mglkg dose l e v e l s  i n  combination with KVF vaccine NDBR-
103 l o t  3. Plasma in te r fe ron  l e v e l s  were s ign i f i can t ly  elevated i n  the  high dose 
group f o r  4 weeks postvaccination,  while the  other groups showed only a t r ans ien t  
peek a t  48 hours postvaccination. Moreover, the  adjuvant enhanced lymphocyte trans- 
formation i n  RVF vaccinated monkeys. 

Ce l lu la r  cy to tox ic i ty  and lymphocyte transformation assays have been refined 
and used t o  a s sess  human, rhesus and cynomolgus monkeys il~atunized with RVF 
vaccine. Circula t ing  T-lymphocytes were demonstrated i n  a l l  vaccinates,  and 
cy to tox ic i ty  seems t o  be necessary f o r  i n  v i t r o  b las t  trallsformation t o  RVF 
a ~ t i g e n .  These data  ind ica te  a s i g n i f i c a n t  T-cell component i n  the  c e l l u l a r  
reeporrse t o  RVF vaccine. 

Important col labora t iv  RVF research projec ts  are ongoing with r e su l t8  b r i e f l y  
a s  follows: 

1) Virus i s o l a t e s ,  thc  'It t o  be attenuated by Dr.  I. Z. Imam, Agouza, Vaccine 
I n s t i t u t e ,  Egypt, have been lsce ived and shown t o  be RVFV. They a r e  f u l l y  v i ru len t  
f o r  adul t  hamsters and mice and do not show any evidence of at tenuatlon.  .Dr. Ahmed 
E l  Kafrawi, a l s o  from Egypt, has teen  working i n  our laboratory with severa l  rodent 
i s o l a t e s  from Egypt. H i s  mater ia l  appears t o  contain one or more agents which a r e  
morphologically o r  se ro log ica l ly  r e l a t ed  t o  Phleboviruses. 

2) The ongoing human vaccine t r a i l  with Dr.  Jeremy Kark, notl a t  Hadassah 
Medical School, Jerusalem, I s r a e l ,  has now entered the 18 month booster s t age  and 
se ro log ica l  da ta  a r e  being analyzed a t  t h i s  time. 

3) D r .  Niklassor., S t a t e  Bacter io logica l  Laboratory, S:ockholm, appears t o  have 
both a v iable  antigen and antibody ELISA f o r  RVF. Anttbodies have not been t e s t ed  
f o r  cross- react iv i ty  but f a l s e  pos i t ives  do rat seem t o  be a problem. 



4) Dr. James %egan (YARU) has produced R dozen aonoclonal antibodies t o  RVFV, 
m a t  of which we found t o  have neutral iz ing capabi l i ty  and D r .  Joe l  Dalrymple, of 
USMIID, has a la rger  bank of antibodice which do not neutral ize v i r a l  
i n f ec t i v i t y .  These aonoclones have k e n  tested sgeinst  reveral  d i f f e r en t  virus, 
r t r a i n e  and a t  l e a s t  one c lear ly  renctr  with Egyptian virus  but not with Ugandan, 
Kenyan, Zirhawean, o r  South African RW r t r a in s .  

5) Dr. A. Antonlades from the U of Thearalonika, Thessalonika, Greece, provid- 
ed our laboratory with s e r a  from pertaons l iv ing  i n  Greece who had HA1 ant ibodies  t o  
RVPV i n  low t i t e r .  We tes ted  there i n  RVFV spec i f ic  PBN and they were negative 
auggeating they were a r e su l t  of cross-reacting phlebovirus infect ion.  The eera 
were a l so  tes ted  for  f luorescent  antibodies t o  Korean Xemorrhagic fever  and showed 
tha t  1 of 108 were pos i t ive  i n  reasonable t i t e r .  

6 )  Dr. Ccnoveri, an NaC postdoctoral student i n  our laboratory, is developing 
r f a t a l  LCM model i n  hamsters. He ham cloned the WE s t r a i n  and i den t i f i ed  both 
attenuated and l e t h a l  snbstrains. In the l e tha l  model, death occzrs about 3 weeks 
por"nocu1ation and is arsoc i r ted  with a r t h e r i t i s .  Weight l o s s  is profound. Stu-
d l *  of virus  rep l ica t ion ,  antibody foruation, m d  itamins complexes a r e  underway. 

7) Dr. J. P. Conza le~  (now a t  CDC, Atlanta, f o r r a r l y  I n s t i t u t e  Pasteur Banqui) 
provided human r e r a  from the Central African Brrpublic, and high t i t e r s d  PRY sntibod- 
i e s  t o  RVFV were detected i n  a b u t  15% of then. Previous reports  of HAL ant ibodies  
i n  sheep and D r .  Gonzales' findings of 7% IFA antibodies i n  the human eera raised 
the pos s ib i l i t y  of RV?' ex i s t i ng  i n  tha t  country; however, the  RAI and IFA t e s t s  a r e  
too cross-reactive t o  be def in i t ive .  These se ra  vere tes ted  fo r  PRN antibodlea t o  
other  known African phleboeiruses and a l l  except RYFV a re  negative, confirming the  
SVFV rpec i f i c i t y .  
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Background: 

O?I 1 November 1981 a f i f t h  department was des ignated  i n  t h e  Medical Divis ion ,  t h e  
Department of Occupational  Medicine. It c o n s i s t s  of a physic ian  and an occupa t iona l  
h e a l t h  nurse.  The primary funct ion  of t h i s  new depa-tment i s  t o  o p e r a t e  t h e  s p e c i a l  
immunizations program t o  adminis ter  both exper imenta l  and l i censed  vaccines  t o  
pe r senne l  a t  r i s k  of exposure t o  s e l e c t e d  i n f e c t i o u s  agen t s  and t o  monitor t h e i r  
s e r ~ l o g i c  response.  A primary o b j e c t i v e  is t o  i n e u r e  t h a t  d a t a  c o l l e c t e d  a r e  
r e a d i l y  a v a i l a b l e  f o r  a n a l y s i s  snd i n t e r p r e t a t i o n .  Some Immunization d a t a  have been 
p laced i n  computer scorage  v i a  punch ca rds  s i n c e  1973. However, t h e s e  d a t a  have n o t  
been format ted  f o r  opt imal  r e t r i e v a l ,  nor  a r e  a l l  t h e  d a t a  forming a g iven 
indiv idual ' s  complete immunization record  computerized. Thie l i m i t s  a n a l y s i a  t o  a n  
i n e f f i c i e n t  combination of manual and computer manipulat ions.  Moreover, d a t a  on a t  
l e a s t  two vaccines  being used have never been computerized. A second o b j e c t i v e  i s  
t o  analyze  s y s t e m a t i c a l l y  vaccine by vaccine,  t h e  enormous amount of d a t a  c o l l e c t e d  
ove r  t h e  yea r s .  It is through t h i e  mechanism t h a t  recommendations f o r  modifying t h e  
approach t o  immunization evolves.  I n  conjunct ion  w i t b  t h i s  e f f o r t ,  an  expanded 
e v a l u a t i o n  of t h e  immune response becomes a c l e a r  o b l i g a t i o n  i n  o rde r  t o  unders tand 
b e t t e r  t h e  e f f i c a c y  of immunization. A t h i r d  o b j e c t i v e  ie t o  develop a computerized 
heal'h p r o f i l e  system which l i n k s  t h e  immunizations h i s t o r y  wi th  t h e  remainder of 
t h e  medical  h i s t o r y ,  e s p e c i a l l y  t h a t  acqui red  by t h e  For t  De t r i ck  Occupational  
Heal th  Program. 

P rogres s  : 

This  has  been a y e a r ,  not  f o r  research ,  but  f o r  e s t a b l i s h i n g  an e f f i c i e n t  s p e c i a l  
immunizations program. Pre l iminary  examination of some of t h e  c o l l e c t e d  
iaununization d a t a  has  uncovered s e v e r a l  a r e a s  f o r  f r u i t f u l  r e sea rch ,  however. 
Following t h e  a c q u i s i t i o n  of a computer t e rmina l  ded ica t ed  t o  r p e c i a l  i~mmrniza t ions  
program use ,  it was p o s s i b l e  t o  examine some of t h e  d a t a  I n  t h e  d a t a  bank recorded 
f o r  EE, WEE, and VEE vaccines.  From t h i s  a n a l y s i s ,  i t  was apparent  t h a t  nlrrny 
i n d j v i d u a l s  have a " f l a t "  response t o  t h e s e  vaccines  a s  c u r r e n t l y  adminis tered .  
Th i s  r e a l i z a t i o n  l e d  f i r s t  t o  a r econs ide ra t ion  by t h e  USAMRIID S p e c i a l  
I m m ~ n l z a t i o n s  Committee of t h e  spectrum of need f o r  i n d i v i d u a l s  t o  have EEE and WEE 
vaccines and secondly ,  t o  a r e v i s i o n  of t h e  scheme f o r  admin ia t e r ing  VEE vaccine .  
It is planned t h a t  t h e  response t o  these  t h r e e  vacclnes  w i l l  be c l o s e l y  monitored i n  
new vaccines .  Moreover, i n d i v i d u a l s  who have e s s e n t i a l l y  not  responded t o  VEE 
vacc ine  i n  t h e  p a s t ,  a t  l e a s t  by c u r r e n t  c r i t e r i a ,  w i l l  be r e i m u n i z e d ,  fo l lowing  
t h i e  scheme, and l i k e w i s e  c l o s e l y  monitored f o r  response.  The r e s u l t s  w i l l  be 
r epor t ed  i n  d e t a i l  i n  a subsequent r epor t .  



a r e r u l t  of a review of d a t a  on t h e  use of anthrax vaccine a t  Dugway Proving 
Ground, UT, and its conpariron with a l imi ted  amount of data from USMRIID personnel 
given t h i s  vaccine, d i f  ferencer were observed which ra isa  quest ions a s  t o  why two 
ruch group8 would not respond r iml la r ly .  These obrervatioru have opened the  wr;y t o  
acquiring and computerizing a l l  t h e  & t a  on anthrax v8ceine w e ,  a. w e l l  a s  
Botulinum Toxoid Vaccine a r e ,  and extending these a n a l p e r .  

With the  a r r i v a l  of a new Director  of P a c i l i t i e r  Engineering, Port  Detrick, 
c a m  a concern f o r  t h e  i r u n i z a t i o n  s t a t u r  of h i r  employeer who r e r v i c e  USAMRIID. 
The review nece r r i t a t ed  by t h i s  concern had t o  be conducted ranual ly ,  record by 
record, empharlzing the  need f o r  a computerized individual p ro f i l e .  This s t e p  w i l l  
follow the  da ta  en t ry  program. I n  t h e  in ter im,  hwever,  a M e t e r  r o s t e r  including 
sops of the  more e s s e n t i a l  da ta  war crea ted  and computerized, g iv ing immediate 
accers t o  the  da ta  required t o  d e t e m l n e  t h e  immunization s t a t u s  of an individual ,  
o r  a group. A s i d l a r  r o s t e r  k i n g  developed f o r  USAHBIID personnel w i l l  permit 
advir lng  d iv i s ion  chiefa  a t  frequent i n t e r v a l s  of the  hmmiza t ion  s t a t u s  of 
perroanel  under t h e i r  supervision. 

The USAHRIID tuberculos is  su rve i l l ance  program, u t i l i z i n g  tubercul in  t e s t i n g ,  
had lapsed about two pears ago when personnel changes took place. In t h e  pas t  pear,  
with the  reorganization of the  Medical Division and the  development of the  Fort 
Detrick Occupational Health Program, tubercul in  t e r t i n g  w a r  re ins ta ted .  As a 
cooperative e f f o r t ,  a l l  ava i l ab le  tubercul in  t e s t i n g  data were computerized i n  t h e  
USAURIID spec ia l  immunizations o f f i c e  f o r  use by the  Fort Detrick occupational 
hea l th  nurse a s  required. New t e s t  r e s u l t s  a r e  added t o  these da ta  t o  maintain a 
cu r ren t  s t a t u s  r o s t e r  of USMIID personnel. 

S ign i f i can t  Achievements: 

1. Acquired a computer te rminal  and p r i n t e r  i n  the spec ia l  immunizations 
o f f i c e  f o r  d i r e c t  l inkage t o  the  USAMRIID DEC PDP-11 lninicomputer and t o  the  Fort  
Detrick IBH 360 muinframe computer. 

2. Began a systematic preliminary review of poor rerponees t o  VEE Vaccine f o r  
presenta t ion  t o  the  Comander and a s e l e c t  committee f o r  resolution.  

3. Wrote the  necessary computer software t o  track vaccine pa r t i c ipan t s  and 
record t h e i r  da ta  i n  a modified VEE i n r u n i t a t i o n  scheme. 

4. Defited raquiresents  f o r  add i t iona l  d iv i s iona l  ADP hardware t o  increase  the  
l e v e l  of computer i n t e r a c t i o n  f o r  da ta  management, e rpecia l ly  i n  occupational 
medicine. 

5. I n i t i a t e d  ac t ion  t o  incorpora te  previously inaccesrible serologic  da ta  f o r  
anthrax and botulinum toxoid vaccine8 i n t o  t h e  pr incipal  computer da ta  bank. 

6. I n i t i a t e d  and completed a computerized lpaster ros ter  of Fort  Detrick 
P a c i l i t i e r  Engineering personnel a c t i v e  i n  the  spec ia l  imunizat ions  program. 

1. I n i t i a t e d  a computerized u s t e r  r o s t e r  of USAMUID paraonnel a c t i v e  i n  the  
r p e c i a l  i r u n i t r t i o n r  program. 



8. Reinetated the USAPfRIID tuberculoeis rurveillance program (tubarculin 
tertiag)  and computerized the available historical data, 

9 .  Finalized a revjsed data entry software program t o  allow direct entry of 
Immunization data from the epecial imniza t ionr  o f f i ce .  
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Pro j ec t  No. 3M162770A871: M i l i t a r y  Disease, In jury  and Health Hazards (U) 

Work Unit No. 871 BE 146: Exploratory An t iv i r a l  Drug Development 

Background: 

Vaccine prophylaxis  1 9  not e f f e c t i v e  f o r  the  prevent ion of a11  virus-induced 
d i s ea se s .  Va c i n e s  a l s o  a r e  u sua l l y  v i rus -spec i f ic  and i n e f f e c t i v e  a f t e r  t he  onse t  
of in fec t ion . f  Chemotherapeutic age ts a r e  c r i t i c a l l y  needed f o r  t h e  prevent ion and 
t reatment  of v i r u s  induced diseases.' Thus, a program was e s t ab l i shed  i n  1980 f o r  
t h e  primary eva lua t i on  of promising a n t i v i r a l  drugs. This  program eva lua ted  drugs 
i n  v i t r o  and i n  those  i n s t a n c e s  where s u f f i c i e n t  q u a n t i t i e s  were a v a i l a b l e ,  & 
viva. I n  October 1980 t h e  drug screening  program was placed under a  USAMRIID -
con t r ac t  t o  Swiftwater  Laborator ies .  In-house eva lua t ions  cont inued,  however, whi le  
wa i t i ng  f o r  t h e  con t r ac to r  t o  e s t a b l i s h  operat ions.  

The f u r t h e r  eva lua t i on  of t he  a n t i v i r a l  agent r i b a v i r i n  has been a  prime focus  
of t he  work u n i t  f o r  t h e  l a s t  year.  Studies  have moved beyond prel iminary a n t i v i r a l  
i n  v i t r o  and i n  vivo eva lua t i on  of a n t i v i r a l  e f f i c acy  t o  an extended s tudy  of 
r i bav i r i n ' s  t o x i c i t y  and chemotherapeutic c a p a b i l i t i e s  i n  animal s t ud i e s .  Such 
animal s t u d i e s  have moved from rodent  screen9 i n t o  primate models. 

I n  support  of USAMRIID's explora tory  a n t i v i r a l  drug development, fundamental 
s t u d i e s  were c a r r i e d  ou t  t o  e l u c i d a t e  the  mechanism of a c t i o n  of a n t i v i r a l  agen t s ,  
i n v e s t i g a t e  t h e  c e l l u l a r  basis of t h e i r  t o x i c i t y ,  con t r i bu t e  t o  t h e  eva lua t i on  of 
~ t r u c t u r e / a c t i v i t y  r e l a t i o n s h i p s  and discover  c e l l u l a r  t a r g e t s  of oppor tun i ty  f o r  
t he r apeu t i c  i n t e r v e n t i o n  wi th  a n t i v i r a l  agents.  S p e c i f i c a l l y ,  s t u d i e s  were c a r r i e d  
ou t  t o  determine i f  r i b a v i r i n  a l t e r s  t he  deformabil i ty  of red cells.  This  r e sea rch  
r ep re sen t s  our  continued e f f o r t s  t o  f u l l y  assess  the  toxicologicaJ. e f f e c t s  of t h i s  
a n t i v i r a l  agent .  I n  o rde r  t o  e s t a b l i s h  a  more r a t i o n a l  approach t o  f u t u r e  drug 
design,  c e l l u l a r  biochemical e f f e c t s  a r e  t o  be evaluated f o r  a l l  drugs t e s t e d  i n  
v i t r o  s o  t h a t  e t r u c t u r e / a c t i v i t y  r e l a t i onsh ips  may be e s t ab l i shed  and used t o  d i r e c t  -
t h e  syn thes i s  of new compounds. For these  s t ud i e s ,  an approach is  being developed 
t o  determine drug e f f e c t s  on c e l l u l a r  nuc l e i c  ac id  metabolism. Other a r e a s  of 
fundamental research  i n i t i a t e d  w i th in  t he  scope of t h i s  work u n i t  inc lude  e t u d i e s  on 
v i r a l  uncoat ing and process ing ,  r o l e  of lysosomal enzymes on degrada t ion  of v i r a l  
p ro t e in s  and mechanism of a c t i o n  of didemnins, a novel group of polypept ides wi th  
a n t i v i r a l  a c t i v i t y .  

Drug Sc reen ing  

R ibav i r i n  analogs and o t h e r  a n t i v i r a l  drugs were screened and +valuated i n  
v i t r o  a g a i n s t  RVF, VEE, PIC, YF, SFS and VS v i ru se s  (VW was added t o  t h e  s c r z n  -
dur ing  t h f s  r epo r t  per iod) .  I n  v ivo  s tud i e s  were done i n  mice a g a i n s t  RVF and i n  
guinea p ig s  a g a i n s t  PIC v i ru se s .  The r e s u l t s  of the  i n  v i t r o  eva lua t i ons  are shown 
i n  Table I. 

S ix t een  of t h e  compouads d i d  not  show a n t i v i r a l  a c t i v i t y  a g a i n s t  any of t h e  
'cot v i r u s e s  i n  v i t r o .  Most of t h e  drugs, however, d id  show some d e t e c t a b l e  
a c t l v i t y  to  one o r  more of t h e  test viruses .  



Two compounds, didemnin A and B, (a  new c l a s s  of depripeptides, i s o l a t e d  from a 
Caribbean t u n ~ c a t e ) ~ ,  showed a n t i v i r a l  a c t i v i t y  against  a l l  of the  t e s t  v i ruses  a t  
concen:ration ranging from 0.25 t o  5.0 pglml i n  v i t ro .  W ~ s es tud ies  with RVP 
v i rus ,  showed tha t  treatment with didemnin B, 0-25 mg/kg/day, resul ted  i n  90% 
survival .  Didemnin A a t  1.25 t o  5 mglkglday increased survival of mice by 50%. Oa 
an extended schedule, treatment of mice over a nine day period with didemnin B d id  
not enhance the  eurvi.ral r a t e .  Didearnin B was tox ic  and uniformly l e t h a l  t o  mice 
when administered a t  1.0 mglkglday f o r  5 daye. 

Drug LY-12277112 ( t i l l y )  was r e t e s t ed  i n  an expanded rtudy t o  conf i rn  t h e  
r e s u l t s  reported by Swiftwater where a l l  mice t r ea ted  with t h i s  drug survived a 
challenge with RVF virus.  I n i t i a l  t e s t s  perforped i n  our l ab  had shown some 
a n t i v i r a l  a c t i v i t y  i n  v i t r o  but no protec t ion  i n  viva against RVP virus.  The 
r e t e s t s  i n  our l a b  confirmed our o r i g i n a l  observations. 

Ribcvirin-Guanosine Treatment of Rhesus Monkeys. Twelve adu l t  rhesus monkeys 
(Maccaca rmla t t a )  which had not received r i b a v i r i n  i n  the previous year were 
randomly assigned t o  each of th ree  groups. Group I received r ibav i r in ,  60 
mg/kg/day, in j ec ted  intramuscularly-(IM) i n  two 30 mg/kg doses given a t  12-hour 
i n t e r v a l s  f o r  10 days. Group 11 received guanosine monophosphate (CHP), 250 
mg/kg/day, in j ec ted  IX i n  two 125 mglkg doses given a t  12-hour i n t e r v a l s  f o r  10 
daye. Group I11 received 250 mg/kg/day W and 60 mg/kg/day r i b a v i r i n  or! the  sane 
schedule a s  group8 I and I f .  

Blood samples were obtained from each monkey on day8 -7, -4, 0 ,  3, 7, 10, 14, 
17, 21, 28, and 35. Samples were analyzed f o r  hemoglobin concentration, packed red  
c e l l  volume (Hct), red blood c e l l  count (RBC), p l a t e l e t  count, white blood c e l l  
count (WBC), d i f f e r e n t i a l  count, r e t i cu locy te  count, and u r i c  ac id  l eve l s ,  

I n  both Croup I ( r i b a v i r i n )  and Group I11 ( r ibav i r in  and W ) , red c e l l  . ounts 
reached a lw on day 14. In  the  r ibavi r in- t rea ted  group the pretreatment count of 
5.68 mi l l ion  RBCIdl f e l l  t o  2.86 mi l l ion  on day 14. In the r i b a v i r i n ' - ~ ~ ~ - t r e a t e d  
group a pretreatment count of 5.97 mi l l ion  RBCIdl dropped t o  2.92 mi l l ion  by day 
11. The hemoglobin and hematocrit response i n  both groups followed the  same pa t t e rn  
as  the  RBC count. Reticulocyte response t o  the  anemia wan not observed u n t i l  day 
14, f i v e  days a f t e r  treatment was terminated, and reached a peak on day 28 i n  both 
groups I and 111. In  both the  r i b a v i r i n  group and ribavirin-CliP group e s t r i k i n g  
thrombocytosis was induced, with base l ine  values of 309,000 f o r  t h e  r i b a v i r i n  group 
and 370,000 f o r  the  ribavirln-GMP group reaching 1,150,000 and 3,116,000 
respect ive ly  on day 14. There were no s i g n i f i c a n t  differences i n  WBC o r  u r i c  ac id  
l e v e l s  during the  study. A l l  red c e l l  paremeters returned t o  normal by day 35 i n  
both r i b a v i r i n  and ribavirin-GMP t rca ted  groups ( I  and 111). A l l  parameters i n  the  
contro l  group (GMP) remained s t a b l e  throughout the  study, 

There is no evidence t h a t  treatment with guanosine reduces the  seve r i ty  of 
ribavirin-induced anemia i n  rhesus monkeys. Anemia i n  sonkeys t r ea ted  with 
ribavirin-GMP was j u s t  a s  severe a s  t h a t  i n  monkeys given r ibav i r in  alone. 
Treatment with GMP alone d id  not a l t e r  any parameters measured i n  t h i s  study and 
appeared t o  have no e f f e c t .  I n  both the  r ibavirin-treated group and 
rivavirin-GMP t rea ted  group, recovery is rapid a f t e r  termination of treatment, but 
i s  no m r e  rapid i n  the  ribavirin-GMP group than i n  the r ibavi r in  group. Both 
groups d isplay  a s i m i l a r  pa t t e rn  of anemia and thrombocytosis, followed by 
re t i cu locy tos i s  and rapid recovery following r i b a v i r i n  treatment. 



Stud i e s  on Red C e l l  Deformability.  Studies  r i d l a r  t o  those  c i t e d  above have 
e h o m  t h a t  rheeus monkeys develop an anemla during mul t ip le ,  l a r g e  dose t r e a t w n t e  
w i th  r i b a v i r i n  which sugges ts  t h a t  r i b a v i r i u  pay a f f e c t  e i t h e r  t h e  osmotic f r a g i l i t y  
o r  d e f o r u b i l i t y  of e ry throcyte .  However, the  r e s u l t s  of a previous s tudy (AVS-80- 
5) i n d i c a t e  t h a t  r i b a v i r i n  does not s i g n i f i c a n t l y  a f f e c t  t h e  osmotic f r a g i l i t y  of 
EBC.. Rcnce, humn and morkey RBCs were t r ea t ed  with r i b a v i r i n  i n  v i t r o  and t e s t e d  
f o r  chasges i n  daformabi l i ty .  To i s o l a t e  DCs heparinized blood was f i l t e r e d  
through a 1:4 (v lv )  mixture of ~ c r o c r y s t a l l i n a  c e l l u l o s e  and a lpha  c e l l u l o s e ,  
r e r p e c t i v e l y ,  t o  remove -st white  c e l l e  and p l a t e l e t s ,  and resuspended 1:4 (v/v)  i n  
BBSS. Pur i f i ed  red c e l l s  were then incubated wi th  1 .g/d of r i b a v i r i n  f o r  2.5 
hours at  3 7 O ~ ,  then t e s t e d  f o r  deformabil i ty  e i t h e r  i . awdia te ly  o r  a f t e r  an 
a d d i t i o n a l  per iod  of incubat ion.  

The RBC suepension was forced thrmgh a polycarbonate membrane under cons tan t  
p r e s su re  and t h e  pressure  was monitored with a t ransducer  i n d i c a t o r  ( X )  and d i g i t a l  
vo l tmeter  and recorded by a s t r i p  chant recorder.  

Tables  I1 and I11 show t h a t  r i b a v i r i n  does not appear t o  a l t e r  t h e  
deformabi l i ty  of e ry th rocy t e s  as measured by t he  a b i l i t y  of r i bav i r i n - t r ea t ed  c e l l e  
t o  pass  through a 3 pore f i l t e r  a s  e a s i l y  a s  un t rea ted  c e l l s .  

I n t e r n a l i z a t i o n  of VSV by Monkey Fibroblaate  i n t o  In te rmedia te  Vesicles .  It 
ham previously been shown us ing  a s e r i e s  of two Pe rco l l  dens i t y  g r ad i en t s  t h a t  human 
f i b r o b l a s t s  bind and i n t e r n a l i z e  LDL ( l o r d e n s i t y  l i pop ro t e in ) ,  EGF (cnidermal 
growth f a c t o r ) ,  and 0 -hexosaminidase (a  lysosomal enzyme). The e l i gands  are 
loca ized  w i th in  5 minutes i n  two s t r u c t u r e s  of s i c i l a r  density.' Theze s t r u c t u r e s  
porsess  t he  endoplasmic re t icu lum marker, NADX-reductase, but l ack  enzymatic markers 
f o r  lysoeones, Golgi and plasma membraiia. Ligand contained i n  t he se  i ~ t e r a e d i a t e  
r t r u c t u r e s  is subsequent ly t r a n s f e r r e d  t o  secondary lyeosomes. 

I n  o rde r  t o  o b t a i n  information of the rou te  of i n t e r n a l i z a t i o n  of VSV and on 
t h e  s i t e  and poss ib ly  t h e  nechaniea of uncoatlng, t h e  i n t e r n a l i z a t i o n  of VSV i n t o  
c u l t u r e d  monkey f i b r o b l a s t s  (Ver c e l l s )  was examined us ing  a 2-step P e r c o l l  dens i t y  
g r ad i en t  f r a c t i o n a t i o n  scheme. 85S-labaled VSV was incubated wi th  t h e  c e l l s  a t  4 ' ~  
and a l s o  f o r  var ious  timea a t  37'~. Ce l l s  were then harvested,  howgenized and t h e  
pos t -nuc lear  superna tan ts  subjec ted  t o  f r ac t i ona t i on  i n  20% Perco l l .  The VSV was 
found t o  be d i s t r i b u t e d  i n t r a c e l l u l a r l y  ( a f t e r  30 minutes at  37'~) i n  a s i n g l e  peak 
at  a dens i t y  of 1.040 g/ml. To examine the 'entranc 8 of t h e  VSV i n t o  in te rmedia te  
vesicles, c e l l s  wre incubated f o r  10 minutes a t  37 C and f r a c t i o n a t e d  i n  20% 
Perco l l .  The peak of VSV-associated r ad ioac t i v i t y  was then pocled and subjec ted  t o  
f u r t h e r  f r a c t i o n a t i o n  on a second Pe rco l l  g rad ien t  (9%). 

These s u b c e l l u l a r  f r a t i o n a t i o n  s tud ies  have shown t h a t  t h e  VSV, l i k e  LDL, EGF, 
and 8-hexoeadnidase  a r e  i n t e r n a l i z e d  by Vero c e l l e  and t h e  VSV appears ,  w i th ln  5 
minuter of incuba t ion  a t  37'~. t o  be local ized wi th in  two in te rmedia te  d e n s i t y  
s t r u c t u r e s  d i s t i n c t  from p l a saa  lpembrane and lysosoaes. The v i r u s  becomes l o c a l i z e d  
!.a secondary lysosomes w i t h i n  20 minutes following incubat ion  with c e l l e  a t  37'~. 
I n  t h e  presence of 16 ml4 W4Cl, VSV f a i l e d  t o  e n t e r  secondary lysosomes and rcmaiaed 
*trappedn i n  t h e  i n t e rmed ia t e  s t ruc tu re s .  



m a r e  data rhow that the internalization of VSV is udisted through 

intermediate (non-lysosomal) vesicles n a manner similar to other physiological 

ligands. Currently, we are utilizing f2P-labeled VSV in similar studies in order to 

examine when and where (cytoplasmically) the process of uncoating occurs. Electron 

microscopy and plaque assays will also be performed on the gradient fractions to 

understand the morphology of this process and to determine the infectivity of the 

internalized virus. Future p1ar.a include studies on the effect of pH and' various 

antivirale, and ly~osomotropic (such as weak bases) agents on the process of 

internalization and uncoating in several other virus mdels. Future experiments 

using this approach will also involve examining whether Diptheria toxin is or may be 

internalized through those intermediate structures and if the toxicity of this agent 

is related to these structures. 


Roie of Lyeosomal Enzymes in Viral Uncoating. The proteolytic, lysosomal 

enzyme Cathepsin B, has been purified from calf liver. e purified enzyme and a 

variey of other proteolytic enzymes were incubated with %-labeled, partially 

purified G glycoprotein (octyl-glucoside extracts of labeled virus) of VSV (provided 

by Dr. Douglas Miller, Rutgers Univ. Med. School). The enzyme was activated with 3 

PlPI cysteine and the reaction carried out at 37'~ for 15 min at pH 5.2. The reaction 

was stopped (with a solubili zation solution containing SDS, B -mercaptoethanol, 
bromophenol blue, glycerol, Tris-HC1-buffer) and the proteolytic products analyzed 

by SDS-PAGE on 10% gels followed by autoradiography. 


Preliminary results have shown that when compared to a variety of proteolytic 

enzymes, only Cathepsin B (pH optimum = 5.0 - 6.8) and Catheprin D (pH optimum - 3.4- 4.3) were capable of producing the cleavage in the G glycoprotein "spike" of VSV 
virus which is necessary to release Gs material. In infected cells the production 

and concomitant release of Gs from G to the media is thought to be related to the 

process of infection. It is thought that lyaosomer and/or Cathepsin B and it8 

endogenous inhibitor will be implicated as playing a tole in the uncoating and 

cellular infection YCV and possibly other viruser. 

Many cells and tissues have k e n  shovn to posrerr a naturally occurring 

inhibitor to Cathepsin B, a aujor intracellular proterre, vtrich in normal and 
aberrant physiological corditions is part of the cascade of enzymes known to control 

normal protein turnover as well as tissue atrophy and dertruction. The inhibitor is 

being purified to homogeneity by: 1) homogenization; 2) heating (80'~) at pH 2.75; 

3) 40-70% ammonium sulfate fractionation (at pH 6.5); 4) DEAE-repbagel 
chromatography (at pH 7.5); 5) gel filtration chromtography (at pH 6.0); and 6) 

isoelectric focusing. Antibodies will be raised to tha putifid inhibitor so that 

the dynamic equilibrium maintained between the activity of the inhibitor and of 

Cathepsin B can be quantitatively monitored in case8 of infection and disease. If 

lyaoeomal proteases (specifically Cathepsin B) and their endogenous inhibitors are 

involved in the proceee of viral uncoating and infection, then it is hoped that thir 

may provide a broad point of attack for viral infection#. 

Mechanism of Action of Didemins. Didemnins are a clans of depsipetides 

recently isolated from a Caribbean tunicate of the Dideanidae family, a species of 

the genus Trididemnum. Didemnins have been shown to inhibit the growth of both RNA 

and DNA viruses in cell culture and in vivo. In cell culture, diiemnins exhibit 

antiviral activity against Coxsackie, equine rhinoviru8, herpes simplex type I and 

11, vaccinia, influenza, parainfluenza-3, RVF, SPS, PIC, and VEE viruses. The 

antiviral activity exhibited by the didemnine appears to be greater than any 

underlying cytotoxicity produced by the drug. In vivo, d i d e d n r  have been shown to 

protect nice against RVF and vaginal herpes simplex type 11; 




The mechanism of a c t i o n  of didemnine, however, is not  known. Some p r e l i d n a r y  
d a t a  suggest  t h a t  t h e  drug may i n h i b i t  viral-induced p r o t e i n  synthes i s .  I f  t h e  
a n t i v i r a l  a c t i v i t y  of didemnin is due t o  i n h i b i t i o n  of viral-induced p ro t e in  
syn thes i s ,  t h e  drug may p lay  an important r o l e  i n  combination chemotherapy. In  
combination with drugs which i n h i b i t  viral-induced nuc l e i c  ac id  syn thes i s ,  didemninc 
may enhance t he  e f f i c a c y  of known a n t i v i r a l  druga. 

To determine t h a t  t h e  a n t i v i r a l  a c t i v i t y  of didemnin is  not due t o  
c y t o t o x i c i t y ,  t he  e f f e c t  of didemnin A on macro o l e u c l a r  syn thes i s  i n  Vero c e l l s  was 
i nves t i ga t ed .  Didemnin A was found t o  i n h i b i t  3H-leucine incorpora t ion  i n t o  
macromolecules wi th  an IC = 2.2 + 0.5 p g / d  (N - 5). A t  t he  h ighes t  c o n c ~ n t r a t i o n  

3 % ~of didemnin I used, LO ~ ~ p ro ty in  syn thes i s  was i n h i b i t e d  83.9 + 4.6 (n-*)%. A t  
t h i s  concent ra t ion  of drug,  c e l l u l a r  uptake of 3 ~ - l e u c i n e  was i n h i b i t e d  40.4%. 

Prel iminary d a t a  suggest  t h a t  didemnin A, a l s o  i n h i o i t s  3 H-uridine 
incorpora t ion  i n t o  c e l l u l a r  macromolecules. The drug i n h i b i t s  RNA syn thes i s  by 
approximately 15%. Maximum i n h i b i t i o n  occurs  a t  2.0 g/ml of didemnin A and remains 
cons tan t  u t o  10.0 g/ml of drug. Didemnin A appears t o  have no e f f e c t  on c e l l u l a r  
uptake of 'H-uridine. 

The Mechanism of Binding of a  Virus t o  Its C e l l  Surface Receptor and Subser,uent 
I n t e r n a l i z a t i o n .  To follow-up on t he  observa t ion  t h a t  c e r t a i n  !.ectins e s p e c i a l l y  
Tr i t i cum v u l g a r i s  a g g l u t i n i n  (WGA), Glycine max agg lu t i n in  (SBA), and Canavalia 
ens i fo rml s  a g g l u t i n i n  (ConA) when prebound t o  :-ll.a, blocks TC-83 binding. Thc 
binding was f u r t h e r  cha rac t e r i zed  by binding f l uo re scen t  l abe led  l e c t i n s  t o  BW-J-M 
c e l l s .  A l l  f i v e  l e c t i n s  Arachis hypogaea a g g l u t i n i n  (PNA), SBA, Ricinu- coonnunis 
a g g l u t i n i n  I (RCA-I), WGA-~~X -europaeus agg lu t i n in  I (~~~-1')-rescein 
i so th iocyana t e  labe led  were incubated with c e l l s  g t  0.01 and 0.1 p g / d  a t  OOC f o r  60 
min, and processed a s  descr ibed  by Huggins e t  a l .  When ~ i e w e d  wi th  i nc iden t  
i l l umina t i on  and FITC s e l e c t i v e  f i l L e r s ,  a l l  l e c t i n s  bound uniformly and e s s e n t i a l l y  
equa l ly  t o  t h e  c e l l s ,  sugges t ing  t h a t  q u a n t i t a t i v e  d i f f e r ences  i n  l e c t i c  binding 
could not  account f o r  t h e  d i f f e r e n t i a l  i n h i b i t i o n  of v i r u s  binding. 

Most l e c t i n s  bind t o  mul t ip le  g lycopro te ins  on t h e  c e l l  sur face ,  a l though 
notab le  except ions of s e l e c t i v e  binding t o  a  s i n g l e  c e l l  su r f ace  g lycopro te in  have 
been repor ted  by Hugglns e t  a l e 5  To d e t e r d n e  how many g lycopro te ins  t h e  l e c t i n  was 
binding t o ,  t h e  1 c t i a  ov l a y  technique of Burridge was used exac t l y  a s  descr ibed  
by Huggins --e t  a l e g  w i th  "'1 labe l ed ,  PNA, ConA, DBA, SBA, RCA-I, WGA, and WA-I. 
A l l  seven l e c t i n s  bound t o  mul t ip le  g lycopro te ins  (7 t o  20). By comparison of 
over lays  from l e c t i n s  t h a t  i n h i b i t e d  and f a i l e d  t o  i n h i b i t  binding i t  appears  
pos s ib l e  t o  u t i l i z e  l e c t i n  chromatography t o  a t  l e a s t  p a r t i a l l y  pur i fy  t h e  receptor .  

To e s t a b l i s h  t h a t  TC-83, bound t o  BW-J-M under condi t ions  used f o r  t he  binding 
assay,  could l e ad  t o  product ive i n f e c t i m ,  growth s t u d i e s  were undertaken. A growth 
curve was performed by i n f e c t i n g  BW-J-!! growing i n  monolayer wi th  TG83 (MOI 10) 
and assay ing  v i r u s  i n  t h e  superna tan t  by plaque assay. The v i r u s  y i e l d  and time 
course was much s lower than  expected f o r  a f i b r o b l a s t ,  r a i s i n g  t h e  q u e s t i m  i f  a l l  
c e l l s  were in fec ted .  To determine t h e  percentage of c e l l s  i n f ec t ed ,  t h e  growth 
curve was r spea ted  and both t h e  v i r u s  y i e l d  and percent  i n f ec t ed  c e l l s  were 
assessed.  A l l  v i r u s  inocula ted  BW-J-M c e l l a ,  were p o s i t i v e  by FA a t  days 1 t o  5; 
h w e v e r ,  f luorescence  was s i g n i f i c a n t l y  lower (+I )  than i n  Vero c e l l s  which were 
i n f ec t ed  and processed i n  p a r a l l e l  f o r  comparison. Virus t i t e r  i n  BW-J-M c e l l s  r o se  
3 L,s i n  tvo days; however, a l l  c e l l s  remained v i a b l e  up t o  day f i v e ,  t h e  l a s t  day 
t e s t ed .  To e s t a b l i s h  conc lus ive ly  t ha t  BW-J-M c e l l s ,  i n f ec t ed  by binding TC-83 



under cnndit ions used f o r  the  binding assay,  were producing vi rus ,  an in fec t ious  
center  assay was used. The data  assayed by probi t  showed tach c e l l  t o  be 
productively infected. From t h i o  da ta  we conclude t h a t  the growth crf TC-83 i n  B U - F  
I¶ c a l l s  is s i g n i f i c a n t l y  d i f f e r e n t  than i n  f ib rob las t s .  

The binding of TC-83 t o  -'' :lls was studied morpholoically by transmission 
e l ec t ron  Picroecopy . The v i r ~  .lorn t o  bind p re fe ren t i a l ly  t o  coated regions 
of the rsembrane corresponaing t o  coated p i t s ,  an obeervation s t rongly  suppwting the 
theory t h a t  in t e rna l i za t ion  occurs v i a  endocytosis. No p re fe ren t i a l  binding t o  
mic rov i l l i  was seen. 

From these s tud ies  the  condit ions necessary t o  reproducibly bind TC-83 t o  i ts  
high a f f i n i t y  receptor (which is shown t o  lead t o  productive in fec t ion)  a r e  
established.  To proceed t o  character ize  the  in ternal iza t ion ,  add i t iona l  in fo raa t ion  
of the  process is required. To determine the  time couree of v i rus  i n t e r n a l i z a t i o n  
i t  is necessary t o  have a measure of in t e rna l i zed  virus. 

To follow the  patt,ray of v i m s  in te rna l i za t ion ,  iden t i f i ca t ion  of eubcel lu lar  
organel les  t h a t  the  v1:u.s is associa ted  with a t  any given time is an important f i r s t  
s tep.  This inforaat ion  can po ten t i a l ly  be obtained b.'.ochedcally by the  co- 
loca l i za t ion  of v i rus  with bLochemfca1 markers of cubcellrllar organel les  (1.e.. 
aarker  enzymes). To do t h i s ,  the  approach f o r  separat ion of eubcel lu lar  organ l l e s  
f r a c t i o n  on densi ty  gradients  was used. The r t h o d  adapted by Canonico e t  al.' f o r  
primary mouse aacrophages was used a s  a e t a r t i n g  point. The method cons i s t s  of 
d l s rup t ing  c e l b  by homoenization followed by a low speed cent r i fugat ion  t o  remove 
nucle i  and unbroken c e l l s .  The r e s u l t i n g  f r a c t i o n  containing a l l  t he  subce l lu la r  
organel les  except nucle i ,  w a s  placed on a dens i ty  gradient and subce l lu la r  
organel les  separated by t h e i r  buoyant density. Fractionation of homogenates using a 
25 t o  55% w/v sucrose gradient  i n  a VTi-50 h e r t i c a l  reor ient ing  r o t o r  showed 
separa t ion  i n t o  4 subcel lu lar  f rac t ions .  

From i n i t i a l  s tud ies  t e n t a t i v e  assignmente f o r  aarker enzymes were made aa 
follows: plaaaa membrane ( W G A ,  5' nucleotidase) Golgi(galactosyltraneferaae), 
mitochondria (malate dehydrogenase), lysosones (n-acetyl-B-glucoeaoinidase], 
and endoplasoic reticulum (sulphatase C). Using t5e sucrose dens i ty  gradients  
i n t r a c e l l u l a r  o rane l l e s  could be separated,  however, when TC-83 was run i n  rh ie  
s y a t e r  only marginal separa t ion  from plasma membrane was observed. 

Thus, the  a l t e r n a t i v e  dens i ty  gradient  rnedium Percoll  was adopted. Pe rco l l  is 
a self-forming densi ty  gradient  medium. A gradient  was designed t h a t  separated TC- 
83 from p l a s m  membranes and from TC-83 bound t o  c e l l s  a t  O'C. The f i n a l  gradient  
u t i l i z e s  Parcoll-0.25 M sucrose and 1 nW EDTA (pR 6.8). The gradient  separa tes  
subce l lu la r  organellea,  although not a s  c l e a r l y  a s  sucrose. Ueing t h i s  sytem, 3 5 ~ -  
IC-83 a r e  warmed up t o  3 7 ' ~  f o r  15 Pin, then washed and homogenized, 45% of the  
r ad ioac t iv i ty  was s h i f t e d  t o  a denser por t ion  of the gradient. 

The s h i f t  was found t o  be d i f f i c u l t  t o  reproduce and of a aagnitude m c h  l w a r  
than suggested by re l a t ed  experiments on t h e  in te rna l i za t ion  of SFV i n  f i b r o b l a s t s  
and e p i t h e l i a l  c e l l s .  To reeolve t h i s ,  the  blnding of TC-83 t o  V 0-76 c e l l s  was 
characterized.  A binding assay was developed i n  b r a 1  plates. "S r t h i o n  e 
labeled TC-83 binds t o  Vero c e l l s  i n  a s p e c i f i c  competitive manner, t h i t  is  % 
labeled  vim8 binding can be reduced by competition with unlabeled v i rus .  
Pre l in inary  da ta  suggest binding constant  of the  same order a s  TC-83 binding t o  
BLLJ-II cel lo.  Binding cons i s t s  of two components; a high a f f i n i t y  ccaponent and a 



camp nent of m c h  lower a f f i n i t y  probably due t o  nonspec i f ic  binding. Virus bound Sa t  4 C d id  not  c o w  of f  t h e  c e l l  when c e l l r  were washed and reincubated a t  4'~. 
When c e l l s  were incubated a t  37'~. 2CX of t he  v i r u s  came off dur ing  a 90 min period,  
an cmount equal  t o  t h e  nonapec i f ic i ty  leve l .  Virus was a l s o  preeumably i n t e r n a l i z e d  
and degraded, bacavse TCA so lub l e  m t l e r i a l  appears r t a r t i n g  a t  15 r i n .  This  d a t a  
sugaes t s  t h a t  TC-83 i n  Vero-76 c e l l s  i r  procerred i n  a  manner similar t o  SFV. 
S tud i e s  a r e  now underway t o  compare i n t e r n a l i z a t i o n  of TC-83 i n  BW-J-M a macrophage-
l i k e  c e l l  l i n e  and Vero-76 c e l l r .  

Another aspec t  of t h i e  research u n i t  concerns t he  bas ic  mechanisms t h a t  
r egu l a t e  t he  coated v e s i c l e  pathways wi th in  c e l l s .  Calmodulln, a ubiqui tous  
i n t r a c a l l u l a r  calcium regula tory  pro te in ,  ha8 k e n  implicated i n  t h e  func t ion  of 
coated ves ic len .  Current  s t u d i e s  have k e n  d i r ec t ed  towards de f in ing  which of t h e  
cons t i t uen t  p ro t e in s  of coated ves i c l e s  is the  si te of t he  calmodulin-coated ves i c l e  
i n t e r a c t i o n .  Through t h e  use of a photoaf f in i ty  de r ivo t i ve  of rad io labe led  
calmodulin, i t  has been poss ib le  t o  i d e n t i f y  t h r ee  coated v c l e  p ro t e in s  t h a t  bind 
ca1madulin. Exposure of pur i f  l ed  coated ves i c l e s  t o  azido-lqf I - ca lmdu l in  r e s u l t e d  
i n  covalent  l a b e l i n g  of t h r e e  pro te in  complexes wi th  apparent molecular weights of 
130,000, 93,000, and 52,000. The s p e c i f i c i t y  of t h i s  l a b e l i n g  was demonstrated by 
i t 8  dependence on calcium, and by its reduct ion i n  t h e  presence of unlabeled 
c a l m d u l i n  o r  s t e l a z i n e .  Subt rac t ing  a molecular weight of calmodulin of 20,000 
form t h e  apparent  weights  of t he  covalent ly labe led  cotnplexee, t h e  coatad v e s i c l e  
pro te in6  t h a t  bind calmodulin a r e  110,000, 73,000, and 32,000 MW. The 32,000 MW 
p r o t e i n  i r  thought t o  p a r t i c i p a t e  i n  coat  r t r u c t u r e ,  but t he  o t h e r  two are 
a s s o c i a t ~ d  wi th  t h e  v e s i c l e  membrane and most l i k e l y  p a r t i c i p a t e  i n  t h e  i n t e r a c t i o n  
of c l a t h r i n  t he  p r i n c i p a l  coat  p ro te in ,  wi th  mnbrane t o  forra a coated p i t  o r  coated 
ves i c l e .  Known i n h i b i t o r s  of calmodulin w i l l  be t e s t e d  i n  a  v i ru s - ce l l  system t o  
determine i f  t he  calmodulin i n h i b i t o r s  can d i s rup t  virus i n t e r n a l i z a t i o n  by t h e  
coated v e s i c l e  pathway. 

The research  descr ibed  here  should enable us  t o  b e t t e r  understand: 1 )  t h e  
mechanisms by which v i r u s e s  i n f e c t  c e l l s ,  and 2) t h e  mechanism by which coated p i t s  
and coated ves i c l ee  t r anspo r t  v i ruses ,  growth f a c t o r s  and c e r t a i n  t o x i c  
macromolecules. 
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TABLE I. IN VITRO EVALUATION OF RIRAVIRIN ANALOGUES AND OTHER POTENTIAL 
ANTIVIRAL DRUGS AGAINST VARIOUS VIRUSES 


WRAIR CONTRAm , RESPONSE OF VIRUS 
NUMBER NUMBER AVS 4 RVF" W E  PIC YF SF 

Didellanin "A", 160 0.0015 0.0005 0.003 0.0004 0.0004 
Didemin "B", 161 4x10-' 7x10'~ 20x10~~ -7x10-~ 7x10-~ 


~ ~ 0 2 6 6 4 ~  RA-0209 126 - - - -
~ ~ 0 2 6 7 3 ~  PA-2 10 125 - - - - -
BK02682 RA-211 128 - - - - -
~~02691" RA-2 12 127 - - - - -
~ ~ 0 2 7 0 8 ~  RA-213 124 - - - - -

19"
~ ~ 0 2 6  RV- 198 133 - - - - -
BK02628 RV- 199 130 - - - - -
~ ~ 0 2 6 3 7 ~  RV-210 272 - 1.04 .10 055 -
~ ~ 0 2 6 5 5 ~  RV- 20 3 134 - - - - -

o~~02600" RY-91 129 3.4 - - -
~ ~ 0 2 5 9 3 ~  RY-99 132 1.2 - - -o 

B K ~ 
2633a RA-20 73 .12 .32 .08 -03 .14 

BK12526 RA-42 135 - - - - -
BK12571 RA-2 14 140 003 037 019 022 022 

~ ~ 1 2 6 4 ~  RA-215 146 - - - - -
~ ~ 1 2 5 3 5 ~  RA-2 16 136 .007 - -55 1.33 -
~ ~ 1 2 5 8 0 ~  RE- 40 7 141 - - - - -
~~12599" RE-410 209 - - - - -
~ ~ 1 2 5 4 4 ~  RV-222 137 - - - 1.52 -
~ ~ 1 2 5 5 3 ~  RV-223 138 - - - - 094 
BK12562 RY-24 139 .048 -267 - .011 -
BK12685 RY-48 144 .079 - - -079 -
~ ~ 1 2 6 0 6 ~  RY-107 143 22 - -154 0139 -

NSC 115560 None - - - - -
NSC 45153-M 158 - - - - -

BK15661 RE-4 13 181 - - - - -
BK15670 RP-101 (11) 183 .033 -- - - -
BK15769 SB-13 185 0005 - e l 1 1  0792 

oBK15723 RV-191 187 .001 

189 0010 - - - -BK15689 RF'- 150 

BK15741 RV-231B 191 - 1.31 - 032 -
BK15714 RP-165 (11) 193 - - -- 1.01 -
BK15732 RV-23 1-A 195 .002 1.31 .I19 -
BK15778 SB-14 197 0003 2.62 - - 2.62 
BK15705 RP-165-1 199 .345 - - - -
BK15796 SB-21 200 0006 - .003 - -
BK15787 SB- 19 20 2 ,008 - 2.03 1.38 -
BK15698 R P  160 204 033 - S O  .24 -



TABLE I. ( c o n t i n u e d )  

KRAI R CONTRACT RESPONSE OF VIRUS 
NUMBER NUMBER AVS I RVF" PIC YF SF 

BK1575C RV-247 20 6 
BY35652 RE-4 10 142 

Sodium S u r a d n  212 
A- 140 

BK17245 RA-233 
BK17227 RA-229 
BK17405 RV-265 
BK17343 RV-254 
BK17236 RP-232 
BK17307 RP-165 ( I )  
BK17325 a - 1 7 0  
BK17254 RE-440 
BK17263 RE-443 
BK17316 RP-165 (11) 
BK17 27 2 RE-445 
BK17352 RP-173 
BK17281 RE-454 
BK17361 RV-253 
BK17398 RV-264 (11) 
BK17389 Vl?-264 (I) 
BK17290 RO-90 (RKR) 
BK17334 RP-171 

NSC 344209' 
BK22657 RE-461 
BK22666 RE-465a 
BK22728 SB-22 
BK22648 RE-452 
BK22684 RP-190 
BK22693 RP-191 
BK22746 SB-66 
BK22737 SB-59B 
None RO-115 
BK22719 RV-278 
BK22639 RA-230 
BK22700 RV-86 

Pormycin B' 
RA- 138 
R i b a v i r i n  

" ~ n h i b i t o r ~d o s e  50 (vH). 
b ~ n d i c a t e s  compound. t e s t e d  i n  r i v o  a l s o .  , 
6Formycin B, Lot 800258. 
*sigma Chem. Co. 
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TABU 11. PERCENT RBC'S TRAPPED - HUMANa 

Incubated 2.5 hours Incubated 24 hours 
Control, X Treated, X Control, X Treated, X 

cooceatration - 100 x lo6 R B C / ~ .  

TABLE 111. PERCENT RBC'S TRAPPED - MONKEY^ 

Incubated 2.5 hours Incubated 24 hours 
Control, X Treated, X Control, 2 Treated, X 

0.14 
0.13 
0.12 
0.12 
wan - 0.13 
8.d. - 0.00 

%C concentration - 300 x lo6 RBC/ml. 
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Project  No. 3A161101A91C: In-House Laboratory Independent Research (U) 

Work Unit No. 91C LA 131: Role of Xacrophaga Prol i fera t ion  and Activation 
i n  the  Control of Viral Infections 

Background: 

The c r i t i c a l  r o l e  of the  macrophage i n  natural  and acquired re s i s t ance  t o  
v i ruses  is  well  recognized (1). This important ro le  is supported by observations 
t h a t  the genet ic  and age-dependent res is tance  or sens l t iv l ty  of animals, a s  well  a s  
the r e l a t i v e  virulence of v i r a l  s t r a i n s  such as  the arenavirus, lymphocytic 
chorioareningitis (LCM) (2).  cor re la t e s  with the a b i l i t y  of macrophages t o  r e p l i c a t e  
v i ruses  i n  v i t ro .  Furthermore, agents which stimulate o r  impair macrophage funct ion  
can enhance o r  decrease r e s i s t ance  t o  experimental virus infec t ions ,  e.g., Semliki 
Forest Virus (SFV) (3, 4). In addi t ion ,  some agents, such a s  the  arenavirusee,  
d isplay  a tropism f o r  the  host's macrophages (5, 6). 

The macrophage a s  pa r t  of the  re t iculoendothel ia l  system is o f t en  the  f i r s t  
c e l l  encountered by a virus.  The e a r l y  wnocyte-macrophage inf  l a m a t o r y  response 
may be an important determinant of reeietance.  Thus, the macrophage appears t o  be 
the  prime e f f e c t o r  c e l l  i n  the  non-specific phase of host resistance.  During the  
development of cell-me!diated immunity t o  in t r ace l lu la r  pathogens, the macraphage, 
under the  influence of the  T lymphocyte, is stimulated t o  p r o l i f e r a t e  and t o  become 
act iva ted  (i.e., possess enhanced d c r o b i o c i d a l  a c t i v i t y )  a s  shorn i n  the  c l a s s i c  
experiments of Mackanees. Thus during the  course of a virue i n fec t ion ,  there  a r e  
aore  macrophages ava i l ab le  t o  r e s i s t  the virue. Whether the  individual  
metabolical ly ac t iva ted  mcrophage is be t t e r  able t o  r e s t r i c t  the  in fec t ion  has not 
u n t i l  now k e n  determined. It is c l e a r ,  though, tha t  the  macrophage is one of the  
important e f f e c t o r  c e l l s  i n  cell-mediated immunity t o  viruses. Understanding the  
i n t e r a c t i o n  between v i r u s  and macrophage, the virulence mechanisms of the  v i r u s  
which impair r e s i s t ance ,  and the  determinants fo r  control  of in fec t ion  by the  
macrophage w i l l  eventually enable us t o  modulate macrophage funct ion  with na tu ra l  o r  
syn the t i c  products t o  enhance re s i s t ance  t o  infections i n  man. 

Progress: 

Effec t  of Pichinde in fec t ion  on macrophage proliferat icm and function. Our 
~ r e v i o u s  s tud ies  have demonstrated t h a t  the  arenavirus Pichinde (PIC), which shows a 
tropism f o r  the  r e t i cu loendo the l i a l  system, causes a profound i n h i b i t i o n  of 
pe r i tonea l  macrophage p ro l i f e ra t ion .  These s tudies  a l s o  demonstrated t h a t  t h e  
i n h i b i t i o n  of macrophage DNA synthes is  by PIC infection is  not due t o  t h e  production 
of so luble  mediators such a s  prostaglandins or  in ter feron (IF). However, we d id  
f i n d  t h a t  PIC in fec t ion  induced the  production of IF by macrophages. I n  two 
experiments a f t e r  4 and 6 days of infec t ion ,  IF could k detected i n  the  medium from 
PIC-infected (but not  con t ro l )  macrophages a t  a t i t e r  of 10 u n i t s / d .  We a l s o  
examined whether p r i o r  s t imula t ion  o r  macrophages by mcrophage growth f a c t o r  (MGF) 
would increase  the  production of IF a f t e r  v i r a l  infection,  because K F  has been 
reported t o  increase  macrophage IF production a f t e r  poly I:C (7). No such 
enhancement of IF production by MGF was seen a f t e r  infec t ion  with PIC 9r SW. Thus, 
MGF-stimlated macrophages do not  have an enhanced a b i l i t y  t o  produce IF i n  response 
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t o  t he se  v i ruses .  However, n e i t h e r  of t he se  v i ru se s  induce apprec iab le  q u a n t i t i e s  
of IF  by macrophages and i t  w i l l  be of i n t e r e s t  t o  s tudy o the r  v i rusen  which a r e  
good I F  inducers  t o  deterrmne whether MGF enhances IF  production. 

We a l s o  extended our  p r i o r  s t u d i e s  which showed t h a t  PIS i n  doses which 
i n h i b i t e d  >75X of macrophage DNA syn thes i s  had l i t t l e  i f  any cy topa th ic  e f f e c t  by 
examining Fc receptor  a c t i v i t y  of i n f ec t ed  macrophages. AB shown i n  Table I, PIC 
i n f e c t i n n  of macrophages had e s s e n t i a l l y  ao  e f f e c t  on t he  attachment of IgG-coated 
sheep RBC w i n g  both excess  and l i m i t i n g  amounts of IgGo This agrees  . . t i th r e p o r t s  
t h a t  i n f e c t i o n  of macrophages w i th  LCM o r  Jun in  vfrurc?s had no e f f e c t  on 
phagocytosis  (8, 9).  

TABLE I. EFFECT OF PICHINDE INFECTION ON Fc aIE3IATED PMGOCYTOSIS 

% CELLS WITH ATTACHED E 
PARTICLE UNINPECTED INFECTED 

E a lone  

EA (1:1000) 

EA (1:2000) 

EA (1:4000) 

EA (1:8OOO) 

Three days a f t e r  i n f e c t i o n  wi th  PIC, m u s e  pe r i t onea l  macrophages were t e s t e d  
f o r  uptake of sheep RBC a lone  (E) o r  opsonized with varying d i l u t i o n s  of IgC an t i -  
RBC (EA). 

E f f ec t  of Pichinde i n f e c t i o n  of o the r  c e l l  types. To determine whether t h e  
i n h i b i t i o n  of macrophages by PIC was l im i t ed  t o  c e l l s  from t h e  p e r i t o n e a l  c a v i t y ,  we 
developed a c u l t u r e  system t o  measure DNA syn thes i s  i n  mouse bone marrow-derived 
macrophages. Marrow c e l l s  from mouse femurs were cu l t u r ed  wi th  MGF. Af t e r  5 days 
i n  c u l t u r e ,  non-adherent macrophage precursors  were i n f ec t ed  with PIC and t hen  
all.owed t o  d f f e r e n t i a t e  and p r o l i f e r a t e .  S ix  days l a t e r ,  DNA syn thes i s  was 
measured by 'H-thymidine incorpora t ion .  P r i o r  i n f e c t i o n  with PIC a t  an MOI 5 
caused a 45% i n h i b i t i o n  of DNA syn thes i s  a s  shown i n  Table 11. This  i s  
s i g n i f i c a n t l y  l e s s  i n h i b i t i o n  than  observed a f t e r  i n f e c t i o n  of pe r i t onea l  
macrophages a t  t h e  same MOI (90-95%). Thus, macrophages from d i f f e r e n t  anatomic 
s i t e s  and/or d i f f e r e n t  s t a g e s  of d i f f e r e n t i a t i o n  vary i n  t h e i r  s e n s i t i v i t y  t o  
i n h i b i t i o n  of growth by PIC i n f e c t i o n .  These s t u d i e s  obviously r e l a t e  t o  t h e  
observa t ion  of Bro-Jorgenson and o t h e r s  (10) on t h e  t r a n s i e n t  hematopoiet ic  
de f i c i ency  and decreased marrow colony-forming u n i t s  assoc ia ted  wi th  a c u t e  i n f e c t i o n  
of t h e  mouse wi th  LCM. These au thors  were unable t o  show d i r e c t  i n h i b i t i o n  of 
marrow colony-forming.uni ts  by LCH. Fur ther  s t u d i e s  with PIC i n  v ivo  w i l l  be of 
i n t e r e s t  i n  t h i s  regard. 



TABLE 11. INHIBITION OF DNA SYNTHESIS I N  BONE W O W  HACELOP~EPRECURSORS 
BY PICRINDB INFECTION 

3 ~ - ~ ~INCORPORATION (CPM - ~Y M ~ ~ ~ +~SEX) 

Control uninfected 150,098 2 3, 188 

Experiments were a l s o  performed using s tarch-e l ic i ted  per i toneal  macrophages 
from suckling nice. It  was found t h a t  suckling mouse macrophages a l s o  synthesize 
DNA i n  response t o  MGF. Furthermore, they appear s imi lar ly  s e n s i t i v e  t o  i n h i b i t i o n  
by PIC infection.  This suggests t h a t  the  d i f f e r e n t i a l  s e n s i t i v i t y  of the  suckling 
rouse t o  PIC in fec t ion  i n  vivo is not due t o  a d i f f e r ing  a b i l i t y  t o  i n h i b i t  
uckophage DNA synthesis .  Further s t u d i e s  of v i r a l  growth a re  necesnary t o  confirm 
the suggestion t h a t  the  macrophage is not  responsible for  the s e n s i t i v i t y  of the  
suckling mouse t o  infec t ion .  

We a l s o  s tudied  the  e f f e c t  of PIC'on DNA synthes is  i n  another c e l l  type, the 
f ib rob las t .  Using mouse f i b r o b l a s t s  derived from muscle, i t  was found t h a t  PIC 
in fec t ion  d id  not i n h i b i t  DNA synthes is  a s  i t  did i n  mouse oacrophages. This most 
l i k e l y  r e f l e c t s  the f a c t  t h a t  macrophagee a r e  mote permissive than f i b r o b l a s t s  f o r  
PIC (only 10-20% of f i b r o b l a s t s  compared t o  90% of macrophages were pos i t ive  f o r  PIC 
by iaa~nof luorescence) .  This may help  expla in  the  predilect ion of PIC f o r  c e l l s  of 
the  r e t i cu loendo the l i a l  system. 

Effec t  of o ther  v i ruses  on macrophage prol i fera t ion .  Experiments with o the r  
c l a s ses  of viruees included VEE (TC83 and Trinidad),  West Nile, Banzf, SW and R i f t  
Valley Fever (RVF). Only RVF among these viruees caused > 50% i n h i b i t i o n  of MGF 
induced DNA synthesis .  This agrees with s t u d i e s  of Rosebrdck and Peters  showing 
tha t  RVF is tox ic  f o r  r a t  aucrophages. 

Of the  arenaviruses examined s o  f a r ,  $Cd but not Junin v i rus  (XJ44 and Romero), 
caused s i g n i f i c a n t  i n h i b i t i o n  of macrophage DNA synthesis (Table 111). This may 
r e f l e c t  the  d i f f e r e n t i a l  permissiveness of ma crop hag?^ for  these v i ruses  (8, 9) .  

Uoune per i toneal  mcrophages were cul tured  a t  1.5 X 105 c e l l s / c o v e ~  s l i p  
and infec ted  a t  various MOI. Two days l a t e r ,  MGF was added along with U-
thymidine. DNA synthes is  was measured 4 days (incorporation was low i n  the  Junin 
experiment because of the  unfavorable c u l t u r a l  conditions i n  
Dr.  Kenyon's Laboratory). 
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TABLE 111. INHIBITION OF MACROPHAGE DNA SYNTHESIS BY LGH AND JUNIH VIRUSES 


Experiment 1 

Control Uninfected 

LCM (WE) (HOI =.CJO5) 
LCM (we) (KO1 = .05) 
LCM (WE) (MOI = 0.5) 

Experiment 2 

Control Uninfected 

KT44 (MOI - .01) 
XJ44 (MOI = 1) 
Romero (MOI = .01) 
Romero (MOI = 1) 

Effect of acute Pichiade infection on macrophsge function in mice. We have 

begun initial studies of PIC infection in vivo in dce. These have r vealed that 
-.-
intraperitoneal inoculation of PIC causes a significant decrease in tb number of 

macrophager~ recovered from a peritoneal exudate. The effect is moat evic?ent when 

virus ia introduced on the same day as the starch used to elicit the exudate, that 

is, 4 days before the cells are harvested. Inactivated virus had no such effect. 

Of equal significance is that the macrophages recovered were unable to synthesis DNA 

in response to MGP(Tab1e IV). Thus, in vivo infection with PIC reproduces the 

observations made in vitro. We plan to examine this in more detail as the eerly 

mononuclear exudate response may be a critical factor in resietance to infection. 


Mice were inoculated IP with mock medium, cobalt inactivated or live PIC, and 

later in the day with 2% starch. Pour days later peritoneal macrophagee were 
harvested and cultured. Two days later, HGF end 3~-thymidine were added and DNA 

synthesis measured four days later. Data represent the mean L S E M  of five mice per 

group. 


TABLE IV. EFFECT OF PICHINCE INFECTION IN VIVO ON THE ABILITY OF MACROPHAGES 

TO SYNTHESIZE DNA 


-
SOURCE OF MACROPHAGES 3 ~ INCORPOKATED (CPH -+ ~SEM) ~ ~ 

Mock infected medium 11,966 + 1,004-
Cobalt inactivated PIC 14,398 -+ 534 

PIC 
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bcrophage  a n t i v i r a l  ac t iv i ty :  cy to tox ic i ty  of r r e r o p b g r  f o r  d r a l  Infected 
c e l l s .  The li'815 rouse uustocyt c e l l  l i n e  ham been ruccerrfully fnfec ted  with SW 
7 

and used a s  a t a rge t  c e l l  i n  a 'Cr assay f o r  macrop ge cytotoxici ty.  P815 c e l l s  
a r e  infect-d with SFV f o r  I h and then abeled with "Cr fo r  1 h, washed, and added 
t o  c u l t u r e s  of macrophagee. Spec i f i c  s! Cr r e l ease  is determined 16 h l a t e r .  In  
t h i s  system, norual  macrophages were not cytotoxic  f o r  e i the r  ueinfected o r  SW 
in fec ted  P815 c e l l s .  Thus normal exudate aacrophagea are not cytocidal  f o r  v i r a l -  
infec ted  targets .  Emosure of macrophages t o  W P  f o r  periods up t o  3 day8 d id  not 
s t i m l a t e  macrophages t o  become turmoricidal  nor t o  lyre  viral- infected t a r g e t  
c e l l r .  There experiment8 show t h a t  K P  r t h l a t e d  mcrophager ate not cytotoxic  f o r  
v i r a l  inf  acted c e l l r  . 

We prepared lymphokines using d t o g e n - s t i a r l a t e d  spleen c e l l s  from epngeneic 
animals and s tud1 ed t h e i r  e f f e c t  on macrophage a n t i v i r a l  ac t iv i ty .  These 
lymphokines ( i n  the  presence of endotoxin) could induce mcrophagea t o  become 
cytotoxic  f o r  uninfected P815 tumor c e l l s  a s  reported by other workers showing t h a t  
these  macrophages could be ac t iva ted .  iiowever, the  1y.phokfnes d id  not  enhance the  
cy to tox ic i ty  of macrophagee f o r  v i r a l  in fec td  targets .  In addit ion,  HGP-treated 
ascrophagee d id  not show an increased cytotoxic  response t o  the lymphokiner. Thua, 
Iymphoki.\es do not  enhance the  a n t i v i r a l  a c t i v i t y  of aacrophagea a s  measured by 
cytotoxic i ty .  Experiments t o  determine the  e f f e c t  of Igrphokiner on v i r a l  growth i n  
macrophages a r e  i n  progress. 

Growth of SW i n  macrophagee. To determine fu r the r  the r e l a t ionsh ip  between 
macro~hage p r o l i f e r a t i o n  and a n t i b i r a l  a c t i v i t y ,  we atudied the e f f e c t  of 1I(;F on the  
r e p l i c a t i o n  of SFV i n  lyrcrophnges. A s  with our p r io r  studies with PIG, MGP had no 
e f f e c t  on the  r ep l i ca t ion  of SW i n  macrophages (Table V). Similar r e s u l t s  vere  
observed with muse  v i ru len t  and av i  ru len t  s t r a i n s  of SFV. Thus, using two 
unrelated v i ruses ,  the r e s u l t s  show t h a t  MGF-atindated aacrophages do not  have an 
e ~ h a a c e d  a b i l i t y  t o  limlt v i r u s  repl ica t ion .  

TABLZ V. EFFECT OF MGF ON TElE GROWTH OP SEKLIKX FOREST VIRUS I N  WRCPHAGES 

-

CONTROL MGP TESTED 
DAY OF INFECTION MACROPHAGES MACROPHAGES 

0 1.63 X lo2* 1.13 X lo2 



House pe r i t onea l  macrophages were cu l tured  i n  c o n t r o l  o r  M P  conta in ing  wdium 
f o r  4 days and then i n f e c t e d  wi th  SPV. Viral  growth was measured da i l y .  
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Work Unf t No. 91C-00-132: Role of T-Cells i n  Pathogenesis  of Argentine 
Hea~orrhagic Fever 

Background: 

Argentine h e w r r h a g i c  Fever (AHF), an a rcnavi  run i n f e c t i o a  caused by Junin  
(JUN) v i r u s ,  is an acu t e  scvere  d i s ea se  wi th  8 mor ta l i t y  of about 1%. AWP is  
maintained i n  na ture  i n  rodent r e se rvo i r s ,  and i r  probably opread by ae roso l  
rou tes .  Other than suppor t ive  care ,  t he  only e f f e c t i v e  t r e a t m n t  of t h e  d i s e a s e  is 
imruno tba r~py ,  which reduces n o r t ~ l i t y ,  but has k e n  impl ica ted  wi th  r e l apse  
presen t ing  wi th  neuro logica l  a a n i f e a t r t i o n s  (1 ) .  This  i u  a i m i h r  t o  observa t ions  
wi th  1rns~nob;lob~lin-treatedHaihupo-infected monkeys. 

There a r e  numerous ana logies  h t v e e n  .!! and l p ~ h o c y t i c  c h o r i o a ~ e n i n g i t i s  (La) 
vi ruses .  Both a r e  lyrnphotrophic, i ~ n o e u p p r e e s i v e ,  and cause htmopoiet+.c 
dysfunct ion (2-4). Although l i t t l e  work along these  l i n e s  har, been done wi th  JUN, 
s t u d i e s  have shown t h a t  m c h  of the  GCN patboganesie i n  d c e  is due t~ cy to tox i c  
T-cells (5). h e  t o  t h e  ana logies  of LCX and JUN v i ru se s ,  tho  f a c t  t h a t  
n e u t r a l i z i n g  antibody canno; be measured u n t i l  l a t e  i n  d i s ea se ,  and s i u c e  t ho  only 
a c ~ e p t e d  t reatment  l e ads  t o  a s i g n i f i c a n t  r a t e  of l a t e  neuro logica l  symgtorns, t h e  
r o l e  01 T-cel ls  i n  pathogenesis  of AW warranted i nves t i ga t i on .  

Progress: 

S tud i e s  have c o n t i  ed on cel l -mediated c y t o t o x i c i t y  f o r  AHF l o  inbred  s t r a i n  
13 guinea pigs .  Using gYCr labeled t a r g e t  c e l l s  and guinea p ig  sp leen  c e l l s  a s  
e f f e c t o r s  t o  measure cy to tox i c i t y ,  l y r i c  u n i t s  per  sp leen  a r e  shown i n  Table I. 
Cy to t ax i c i t y  apparent  v peaks from days 10-15, and diminiehea, but remains e x i s t e n t  
a t  day 30. Although ' k r  r e l ea se  can be blocked by aggregated huiaan I@, suggesting 
antibody dependent cel l -mcdiat t?d cy to tox i c i t y  (MCC), c u r r e n t  a t tempts  t o  d u p l i c a t e  
t h e  system us ing  exogenous antibody and'normal sp leen  c e l l s  have beer unsuccessful .  
Current e f f o r t s  a r e  concentrated i n  t h i s  area.  Recent s t u d i e s  have i nd i ca t ed  t h a t  
guinea p igs  i n f ec t ed  wi th  a v i r u l e n t  s t r a i n  of AHF (Romero) a l s o  e x h i b i t  cy to tox i c  
a c t i v i t y L  s i m i l a r  t o  t h a t  shown e a r l i e r  wi th  a v i r u l e n t  s t r a i n  (WE; of L W .  Such 
Romro sp leens  e l a o  mediate c l a s s i c a l  MCC aga in s t  Vero c e l l s  (with added 
ant ibody).  This  sugges ts  t h a t  e a r l y  i n  t he  v i r u l e n t  i u f e c t i o n  ant ibody product ion 
is i n i t i a t e d  and e f f e c t o r  c e l l t  a r e  competent. I n  s p i t e  of such inmunocompetc?nce a t  
day 10, the  Romero-infected guinea p ig s  proceed t o  d i e  by days 15-17, perhaps due t o  
progression of t h e  d i s ea se  r e s u l t i n g  i n  severe  i ~ n o s u p p r e s s e i o n  a f t e r  day 10. 

Cyclosporin A is a drug which near ly  s e l e c t i v e l y  deple te8  T -k i l l e r  c e l l s  i n  
l abo ra to ry  animals and i n  men. Experiments were performed t o  determine t h e  e f f e c t  
of t h i s  drug on v i r u l e n t  and a t tenua ted  JUN i n f e c t i o n s  of guinea p ig s  (Table 11). 
Animals r ece iv ing  v i r u l e n t  v i r c s  showed no change i n  dea th  p a t t e r n  i n  response t o  
cyc lospor in  A and animals  rece iv ing  a t t enua t ed  v i r u s  and cyc loepor in  A showed 314 
deathn. This  sugges ts  t h a t  i f  T-k i l le r  c e l l s  a r e  t h e  only populat ion of T-cells 



affec ted  by the drug, then these c e l l s  may not play a detr imental  ro le  i n  
pathogenesis but may play a r o l e  i n  con t ro l l ing  the virus infec t ion .  

Experiments were performed t o  determlne whether a ro le  f o r  complement could be 
detected i n  AHF in fec t ions .  Complement d g h t  function an an a n t i v i r a l  o r  
a n t i v i r a l l y  infec ted  cel l  mechanism o r  a s  an effec tor  mechanism i n  host  damage. The 
a b i l i t y  of f r e s h  monkey rerun t o  spontaneously inact iva te  J U N  v i rus  prepared i n  Vero 
c e l l s  is s h m  i n  Table 111. Attenuated (Candidate I, XJ-44). v i ru len t  (Roarsro, 
Suarez) and semivirulent  (Coroner) s t r a i n s  of JUN are i n ~ c t i v a t e d  i n  the presence of 
f r e sh  serum, but not i n  heat inact iva ted  serum. There is apparently no r e l ~ t i o n s h i p  
between virulence and complement s u s c e p t i b i l i t y .  Appropriate e tud ies  indicated t h a t  
the c l a s s i c a l  complement pathway is the  mediator and that  inac t iva t ion  is not due t o  
a na tura l ly  occurring anti-host c e l l  antibody. 

Experiments were perfcrmed t o  determine whether c e l l s  expressing v i r a l  c e l l  
surface  antigens f ixed complement or were lysed by cosplement. Lyeis of infec ted  
c e l l s  by complement might serve the  host i n  eliminating infec ted  c e l l s  i n  vivo o r  
could be detr imental  by a s s i s t i n g  i n  disseminating virus. Vero c e l l s  were infec ted  
with an KO1 of 1 PFU t o  20 c e l l s ,  and trypeinized to  remove c e l l 8  m d  t o  plant  on 
covers l ips  24 h r  p r i o r  t o  assay. Results  of immune adherence a#~a measure of 0 3  
deposit ion on infec ted  c e l l  surfaces  a r e  presented i n  Table IV.  Human red blood 
c e l l s  adhere v ia  t h e i r  C-3 receptor t o  c e l l  surfacer where the  i o l p p l t ~ n t  cascade 
has been i n i t i a t e d  (presumably by v i r a l  antigens) and C-3 deposited on the c e l l  
surface.  Results showed a s i g n i f i c a n t l y  g rea te r  number of r o s e t t i n g  c e l l s  f n  the  
infec ted  u1:urea a s  compared with the control .  Other r e s u l t s  (not shown) ruggastad 
g rea te r  "Cr r e l ease  from infec ted  versus non-infected Vero t a r g e t  c e l l s  I n  reaponoe 
t o  complement. Studies on the  r o l e  of c o a p l e ~ ~ n ti n  the pathogenesis of JlRS i n  vivo 
a r e  i n  progress. 

Experiments were performed t o  determine whether the parent host  c e l l  plays a 
r o l e  i n  the v i rus  e u s c e p t i b i l i t y  t o  complelwnt. JUN Candidate I v i r u s  w;s grown i n  
FRhL or Vero c e l l s  and progeny v i rus  t e s t ed  fo r . inac t iva t ion  i n  f r e s h  monkey 
serum. Results  (Table V) show t h a t  v i rus  grown i n  PRhL c e l l s  is dot  l aac t iva ted  i n  
f r e s h  serum i n  con t ras t  t o  the  inac t iva t ion  seen with Vero cell-grovn virus.  
Apparently, a host c e l l  modification of v i rus  membrane occurs which i n f l ~ e n c e s  
s u s c e p t i b i l i t y  t o  complement. Such a hos t  c e l l  modification could be important i n  
the  in fec t ion  process & v i .  

Experiments were performed t o  determine the  ef fec t  of r i b a v i r i n  on JUN 
i n fec t ions  i n  guinea pigs. Guinea p igs  were infected with a v i ru len t  s t r a i n  of JUI 
and t r ea ted  v i t h  45 mg/kg/day drug f o r  varioue pertode of time a s  ahawn i n  Table 
V I .  Ribavirin alone o r  monobutyrl r i b a v i r i n  (XBR) alone f o r  the  time i n t e r v a l s  we 
studied does not appear t o  have an e f f e c t  on guinea pigs. F inal  outcome i n  
infected-treated groups a s  measured by dea the l to ta l  is not af fac ted  by drug 
treatment, but a s i g n i f i c a n t  delay i n  time t o  death is noted. Since r i b a v i r i n  mst 
l i k e l y  does not cross  the blood bra in  b a r r i e r ,  i t  is not unexpected t o  f ind  t h a t  
those guinea pigs infec ted  IP and t r ea ted  with dntg experience t h e i r  highest  organ 
t i t e r  i n  the bra in  and these  groups exh ib i t  the highest percentage of para lys is .  I n  
con t ras t ,  similarly infec ted  animals with no drug treatment d i e  sooner tnan the 
t r ea ted  animals and no v i rus  can be detected i n  the  brain, but are found i n  o the r  
organs examined. Animals inoculated I.C. with JUN present a systemic d isease  
pa t t e rn  s imi la r  t o  IP inoculated animals. I C  inoculated animals e h w  v i r u s  
throughout the  organ s y s t e m  including the  brain. None of these  IC-inoculated, 
nontreated animals has exhibi ted  para lys is .  When I C  inoculated guinea p igs  a r e  



t r e a t e d  with r i b a v i r i n ,  t he  bra in  appears t o  be t he  most su scep t ib l e  organ ( a s  shown 
by organ v i r u s  t i t e r )  and most of these  animals e x h i b i t  p a r a l y s i s  p r i o r  t o  death.  
Thus, neurovirulence of Junin f o r  guinea p igs  may be masked by t h e i r  e a r l y  dea th  
f rom hemorrhagic fever .  , 

Table V I I  shows t h e  e f f e c t  of (HBR) on AHF i n f e c t i o n  i n  guinea pigs. MBR is 
thought t o  more e a s i l y  crosa the  blood b ra in  b a r r i e r .  Reaul t s  wi th  HER a r t  
e s s e n t i a l l y  t h e  same a s  those with ~ i b a v i r i n .  

Imirmnotherapy i s  t h e  recommended t reatment  f o r  AHF and a s i g n i f i c a n t  percent  of 
euch t r e a t e d  i nd iv idua l s  r e tu rn  w i t h  l a t e  neuro logica l  symptoms. We performed a 
s tudy t o  determine t he  passive t i t e r  necessary t o  prevent death,  e f f e c t  of time 
a f t e r  i n f e c t i o n  and frequency of therapy, and :o experimental ly  produce a model of 
t h e  l a t e  neuro logica l  d i sease .  Resul ts  a r e  summarized i n  Table VIII. Although 
amount and frequency of immunotherapy a f f e c t  the  outcome, r e o u l t s  suggest t reatment  
rhoulit not be delayed beyond day 3. Only 1 of 24 animals showed a t r u e  l a t e  
neuro logica l  dea th  (day 41). Other animals developed pa ra ly s i s  on day 11-21, and i n  
near ly  a l l  these  cases  t he  highest  v i ru s  t i t e r  was found i n  t he  brain.  One poss ib le  
ruggcat ion is t h a t  with imwrnotherapy, antibody passes  l e s s  f r e e l y  t o  t he  b r a in  than 
t o  o t h e r  organs. Under c o d i t i o n s  of l imi ted  ant ibody,  t h i s  renders  t he  b r a in  
ru scep t ib l e  t o  v i ru s .  For ins tance ,  when minimal t reatment  (0.6 ml) is administered 
on day 3, 3, -15, 21, 40X of t he  animals d i e  with pa ra ly s i s  with t he  h ighes t  v i r u s  
t i t e r  i n  the  brain.  Since few deaths have occurred I n  humans with l a t e  neuro logica l  
ryndroae, c o r r e l a t i o n s  of brain-associated v i ~ u s  with t he  syndrome a r e  unknown. 
Despite t he  d i f f e r e n c e s  i n  time t o  pa ra ly s i s ,  the  same mechanisms may o r  may not  
f unc t i on  f o r  t h i s  syndrome i n  both guinea pigs  and 11umans. 

Passive ant ibody t i t e r s  ( B O X  plaque reduct ion)  were monitored i n  con t ro l  group8 
of animals (no v i ru s ) .  Animals maintaining a 1:128 o r  g r e a t e r  t i t e r  f o r  a t  l e a s t  21 
days appeared t o  be pro tec ted  from d isease ,  while  those with t i t e r s  which drapped 
below t h i s  value i n  t h i s  time period eventua l ly  became ill and died.  
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DAY P. I. LYTIC UNITS/SPLEEN 

N.O. b 

2.1 x lo6 
3.6 x lo7 
4.3 r 107

74.0 x lo7 
3.1 x 10 
4.5 x lo6 ' 

a XJ44 S t r a i n  Jun in  
N.O. = None obeerved 

TABLE 11. EFFECT OF CYCLOSPORIN A ON J U N I N  INFECTIONS OF GUINEA PIGS 

NO. DEAD DAYS TO VIRUS 
TREATMENf VIRUS TOTAL DEATH ISOLATION 

Cyclosporin None 016 - -
da 0 t h r u  14 

None Romctob 41 4 16 t h r u  18 W.D. 

None ~ ~ - 4 4 ~  014 - None (one 
examined day 22) 

Cyclosporin A Romero 616 15 t h r u  18 N.D. 
da  0 t h r u  14 

Cyclosporin A 2U-44 314 22 t h n i  23 A l l  organs t e s t e d  
da 0 t h r u  14 aerttm -

a25 mglkglday I.N. 
b5,000 PFU, I.P. 
C500,000 PFU, 1.P 



. 

TABLE 111. SPOKTANEOUS INACTIVATION OP JUNIN VIRUS IN HOIiKEY SERUM USED 

AS A SOURCE OF COKPLEMENT 


MINUTES PPU/d 

VIRUS STRAIN 30 


Candidate I 

4
freoh 2.1 x lob 1.5 lo3 8.3 x lo2 


heat inactivated 2.4 x 10 4.5 lo4 2.3 x lo4 


XJ-44 

freeh 5.5 lo3 

heat inactivated 3.0 x lo4 


Coronel 

frceh 2.2 lo4 

heat inactivated 2.4 x lo4 


Romero 

freeh 2.3 x lo3 

heat inactivated 2.8 x lo3 


Suarex 

freeh 4.8 x lo4 3.8 x lo3 2.0 lo3 


-heat inactivated 5.0 x lo4 4.8 r lo4 4.7 lo4 



TABLE I V. DEVELOPMENT OF JUNIN-SPECIFIC CELL SURFACE ANTIGENS 
AND THEIR REACTION WITH COMPLEMENT 


-
X CELLS WITH POSITIVE 


DAY POST X CELLS POSITIVE FOR CELL ROSETTES 

INFECTION SURFACE JUNIN ANTIGEN Infected Uninf ected 


2% 2% 

14% 6% 


N.D. N.D. 

30 7 3 %  

TABLE V. EFFECT OF HOST CELL ON SUSCEPTIBILITY OF JUNIN VIRUS 
FRESH MONKEY SERUX 


TINE (HI&, 

FRESH SERUM H E W  INACTIVATED SERLM 
0 30 60 0- 30 60 

Candidate I 


V a r o  Grown 5.2 x lo4 1.7 r lo3 9.5 x lo2 5.5 x lo4 3.8 x 10' 2.5 x lo4 
Candidate I 
 -



TABLE V I .  EFFECT OF RIBAVIRIN TREATMENT ON INFECTION OF GUINEA PIGS 

-
ROUTE OF TREATMENT VIRUS OUTCOME TIME TO PARALYSIS 
INFECTION DAYS ISOLATION NO. DEAD/TOTAL DEATH (Days) NO./TOTAL 

None -1 t h r u  28 N.D. 

None -1 t h r u  1 4  N.D. 0/16 - 0 

1.P. -I t h m  14 1 P a r a l y z e d ;  7 17 25,26 1.7 
v i r u e  i s o l r i t e d  
from t h e  b r a i n  

I.P. +7 t h r u  24 + a l l  o rgans ;  818 20 t h r u  30 318 
h i g h e a t  t i t e r  

b r s i n  

I .P. -1 t h r u  24 Highes t  818 21 t h r u  28 418 
t i t e r s  b r a i n ;  
i n  bo th  p a r a l y z e d  
and non-paralyzed 

I .P. None Higheet 12/12 14 t h r u  17 0112 
t i t e r  lymph 
nodes and s p l e e n ;  
no v i r u s  i n  b r a i n  

I.C. -1 t h r u  14 A l l  o r g a n s  +; 515 16 t h r u  21 0112 
h i g h e s t  t i ters  
b r a i n  

I .C. None a l l  o r g a n s  +; 5 / 5  13 t h r u  15  0 / 5  
h i g h e s t  t i t e r e  
s p l e e n  and lymph 
nodes  

a5,000 PFU Romero s t r a i n  
b+ - p o s i t i v e  



TABLE V I I .  

ROUTE OF 
INFECTION 

I.P. 
I.C. 
I .P. 
I .C. 
None 

TABLE VIII. 

VIRUS^ 

Romero, IP 
Roaero, IP 
R o r r c ,  IP 

Romero, IP 
Ronraro, IP 
Rowro, IP 

Romero, IP 

Romero, IP 

Romero, IP 

Romero, IP 

Romero, XP 

Romero, IP 

Paeadae, IP 

Romero, IP 

Paeadae, IP 

Romero, XI: 

Romaro, I C  

Romero, I C  

EFFECT OF XC)NOBUTYRLRIBAVIRIN ON AAP INFECTION I N  GUINEA PIGS 

TREA'iMENT OUT 'WE ILME TO PARALYSIS 
DAYS NO. 'MITOTAL DEATH (Days) NO. TOTAL 

None 6/6 9 Thru 11 016 
None 414 12 thru 12' 0/4 
-1 th ru  +14 6/6 15 th ru  17 1/6 
-1 th ru  +14 4/5 12 th ru  14 315 
-1 thru 14 015 0/5 

IMMTNOTHERAPY OF UP-INFECTED GUINEA PIGS 

TREATP~ZNT DAYS (P.I.) DEATHS/ PARALYSIS 
(nrl an t i ee r a )  9ir TREATMENT TOTAL NOITOTAL 

12 
6 
6 

6 
6 
2 

0.6 

2 

0.6 

2 

0.6 

0 -6 

6 

None 

None 

2 

2 

None 
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Project  No. 3A161101A91C: In-House Lahoratory Independent Research (I!) 

Work Unit No. 91C 00 133: Role of Anthrax Toxin Components i n  Virulence 
of B. Anthracis-

Background: 

The f ac to r s  which rake bac i l lus  anthracis  v i ru len t  f o r  tun and animals a r e  
peclrly understood. h t i o n a f  design of preventive and therapeutic measures t o  
c o n t r c l  anthrax in fec t ions  is therefore d i f f i c u l t .  Previous work iden t i f i ed  3 
prote ins ,  cc l l ec t ive ly  ca l l ed  "anthrax toxin,"  which contribute t o  pathogenesis. Of 
these 3 prota ins ,  the  protec t ive  antigen (PA) has been purif ied and used as  a 
vaccine, but the l e t h a l  f a c t o r  (LF) and edema fac to r  (EF) have not been avai lable  i n  
amounts adequate f o r  character iza t ion  of t h e i r  chemical s t rvc tu res  or  de terninat ion  
of t h e i r  c e l l u l a r  modes of act ion.  

This work un i t  has a s  its objec t ive  ( a )  pur i f i ca t ion  of the prote in  components 
of the  toxin,  (b) development of immunochemical and physical assays t o  detec t  and 
quan t i t a t e  the prote ins ,  ( c )  discovery of animal models and t i s sue  cu l tu re  systems 
r s n s i t i v e  t o  the toxin,  (d) i d e n t i f i c a t i o n  of the fundamental subcel lu lar  processes 
af fec ted  by the  toxin,  and (a) discovery of the individual  enzymatic react ion  o r  
c r i t i c a l  c e l l u l a r  componect a l t e r e d  by the toxin. 

Progress: 

Methods f o r  the pur i f i ca t ion  of the 3 anthrax toxin components tha t  were 
dercribed i n  the  FY 81 annual repor t  were f u r t h e r  refined during t h i s  period. The 
Sterne s t r a i n  of E. anthracis  was grovn i n  20-L batches of R medium, a completely 
synthet ic  medium developed by . inves t iga tors  i n  the  Bacteriology Division, 
USAMRIID. This medium, optimized fo r  production of r a t  l e t h a l  toxin,  appears t o  
favor production of LF while maintaining l eve l s  of PA a t  l e a s t  equal t o  those 
obtained i n  medium 1095. The production of EF i n  R medium compared t o  o the t  media 
ha8 not been measured. Using chromatography on DEAE and h y d r o x y l a ~ a t i t e  columns, 
the  20-L cul tures  yielded 50 mg PA, 10 mg LF, and 2 mg EF. Each of these mater ia ls  
w a s  more than 90% pure when examined by SDS s l a b  g e l  electrophoresis .  The molecular 
weights determined from these g e l s  were 85,000 f o r  PA, 83,000 f o r  LF, and 89,000 f o r  
EF. The LF pur i f ied  i n  t h i s  way proved more tox ic  than e a r l i e r  samples. Thus, 2 p g  
LF mixed with 100Vg PA k i l l e d  Fisher 344 r a t s  i n  120 minutes, This LF is therefore  
10-fold more potent than samples described i n  the  FY 81 report.  

Limited r tud ies  were performed t o  t r y  t o  increase  the production of EF. It was 
found t h a t  addi t ion  of horse s e r u l  t o  R medium o r  t c  brain heart  infusion medium 
grea t ly  enhanced EF recovery as measured ly adenylats  cyclaee assay. Although 
o r ig ina l ly  thought t o  a c t  by protec t ion  of the EF from protea lyeis ,  the horse serum 
appears t o  have o ther  ac t ions  s ince  dialyzed serum is ineffective.  Since large  
amounts of prote in  would complicate pur i f i ca t ion  of the EF, attempts were made t o  
replace the serum. However, no combination of protease inh ib i to r s  and nu t r i en t s  has 
yet  been found tha t  approaches the  ef fec t iveness  of horse serum. These experiments 
demonstrated t h a t  f ron represses EF production, an e f f e c t  seen with severa l  o ther  
b a c t e r i a l  toxins.  



Sntymatic s t u d i e s  cont inued dur ing  FY 82 t o  extend t h e  fundamental d i scovery  
t h a t  EF is an adenyla te  cyc lase .  I n i t i a l  work s x g h t  t o  i d e n t i f y  t h e  subs tance  
requi red  f o r  express ion  of t h e  l a t e n t  enzymatic a c t i v i t y  of EF. Ac t iva t i on  was 
achieved by a wide v a r i e t y  of m a t e r i a l s ,  i nc lud ing  f e t a l  c a l f  serum, ca se in ,  
c r e a t i n e  phosphokinase, and boi led  c e l l  e x t r a c t s .  Enzymatic a c t i v i t y  a l s o  was found 
t o  be s u s c e p t i b l e  t o  v a r i a t i o n s  i n  t h e  d i v a l e n t  i on  conten t  of t h e  r e a c t i o n  
mixture. Analys i s  of t h i s  f a c t  l ed  t o  t h e  f i n d i n g  t h a t  a c t i v i t y  was blocked by t he  
calcium ion  c h e l a t o r ,  EGTA. It had prev ious ly  been shown t h a t  an ad rny l a t e  cyc l a se  
from Borde t e l l a  p e r t u s s i s  r e q u i r e s  t he  hea t  s t a b l e ,  calcium binding p ro t e in  
c a l m d u l i n  f o r  a c t i v i t y  ( I ) .  This  p r o t e i n  is ubiqui tous  i n  eukaryotes ,  where i t  is 
an  e s s e n t i a l  co-fac*.or of many d i f f e r e n t  enzymes, but i t  is not  found i n  any 
prokaryotes .  A sample of p u r l f i e d  c a l m d u l i n  was ob ta ined  f r m  Dr .  C. Linden, 
Phys i ca l  Sciences Divis ion,  and was found t o  f u l l y  a c t i v a t e  EF. Thus, i t  appears  
t h a t  EF has t h e  unique proper ty  'of  r equ i r i ng  a normally i n t r a c e l l u l a r  euka ryo t i c  
p r o t e i n  f o r  a c t i v i t y .  This  requirement is c o n s i s t e n t  wi th  t h e  model p rev ious ly  
proposed which sugges ts  t h a t  EF e n t e r o  i n t o  t h e  cytoplaam of t a r g e t  c e l l s  where i t  
converta  ATP t o  CAMP. 

I n  meny respecLs EF appears  t o  resemble t h e  prev ious ly  i s o l a t e d  p e r t u s s i s  
cyc l a se ,  except  t h a t  EF appears  t o  behave i n  a more uniform manner. Thus, t h e  
p e r t u s s i s  cyc lase  can be ob ta ined  i n  s e v e r a l  forms of d i f f e r i n g  p u r i t y ,  each of 
which shows a d i f f e r e n t  degree of dependence on calmodulin. In  c o n t r a s t ,  a l l  
samples of EF, i nc lud ing  crude c u l t u r e  supe rna t an t s ,  show an abso lu t e  dependence on 
c a l m d u l i n ,  i.e., no adeny la t e  cyc l a se  a c t i v i t y  can be de t ec t ed  iir t h e  absence of 
calmodulin. Another type of evidence showing t h e  s i m i l a r i t y  of t he se  cyc l a se s  comes 
from s t u d i e s  on l i p i d  a c t i v a t i o n .  The a c t i v i t y  of t h e  p e r t u s s i s  enzyme can be 
f u r t h e r  enhanced when c e r t a i n  l i p i d s  a r e  added i n  add i t i on  t o  calmodulin. 
Prel iminary experiments  i n d i c a t e  t h a t  a s i m i l a r  e f f e c t  is  found wi th  EF. 

Fu r the r  c h a r a c t e r i z a t i o n  of t h e  enzyea t i c  p r o p e r t i e s  of EF w a ~  performed us ing  
p h o t o a f f i n i t y  l a b e l i n g  techniques.  EF was suppl ied  t o  Dr. Boyd Haley, n i v e r s i t y  of 
Wyoming, who demonstrated t h a t  EF becomes l abe l ed  when incubated wi th  3YP-azido-ATP 
and exposed t o  l i g h t .  Label ing wae s t r i c t l y  dependent'on a d d i t i o n  of calmodulin and 
calcium, and occurred i n  a p r o t e i n  of MW about 90,000. This  is t h e  f i r s t  d i r e c t  
evidence t h a t  t h e  major, h igh  molecular weight p r o t e i n  i n  t h e  p u r i f i e d  EF samples is  

I 

t h e  enzymatical ly  a c t i v e  spec ies .  I 

I 

En t h e i r  dependence on calmodulin, t h e  p e r t u s s i s  and an thrax  cyc l a se s  resemble 
adenyla te  cyc l a se s  i s o l a t e d  f r o s  c e r t a i n  animal t i s s u e s .  The cyc l a se  from COW b r a i n  
is t h e  best cha rac t e r i zed  of th%e calmcdulin-dependent euka ryo t i c  cyc l a se s  (2). 
The s i m i l a r i t y  i n  p r o p e r t i e s  sugges ts  t h e  p o s s i b i l i t y  t h a t  t he se  two b a c t e r i a l  
cyc l a se s  o r i g i n a t e d  a s  euka ryo t i c  cyc lases ,  and t h a t  a gene f o r  t h e  euka ryo t i c  
cyc l a se  was cap tured  by t h e  b a c t e r i a  i n  a r a r e  recombination event  and maintained 
because t h e  a b i l i t y  t o  make cyc l a se  confer red  a s e l e c t i v e  advantage. Eukaryot ic  
cyc l a se s  a r e  meobrane-bound enzymes presen t  i n  small numbers, and a r e  t h e r e f o r e  
d i f f i c u l t  t o  study. I f  a g e n e t i c  o r  a n t i g e n i c  s i m i l a r i t y  between EF and euka ryo t i c  1 
cyc l a se s  could be demonstated, t hen  EF could be a va luab l e  t o o l  i n  s tudying  t h e  \d 

euka ryo t i c  cyc lases .  Two approaches a r e  being used t o  measure t h e  degree of 
s i m i l a r i t y  between EF and b r a i n  cyclase.  One of t he se  compares t h e  enzymatic i 
prope r t i e a  of t h e  p ro t e in s .  Although t h e  b r a i n  cyc l a se  has no t  been p u r i f i e d ,  some 
of i ts enzymatic p r o p e r t i e s  a r e  known. One c h a r a c t e r i s t i c  f e a t u r e  is t h a t  1 mM i 
c a l c i u r  i o n  i n h i b i t s  t h e  q c l a o e  a c t i v i t y  when t h e  major d i v a l e n t  i o n  is  magnrsiun, 
but no t  when i t  is manganese. When t h e  calcium response of EF was examined, it was I 
found t o  match t h a t  descr ibed  f o r  b r a i n  cyclase.  1;r 
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The second t e s t  of t h e  s i m i l a r i t y  of EF t o  brain cyclaee employs s p e c i f i c  
a n t i s e r a  r a i s ed  aga in s t  EF. S p e c i f i c  a n t i s e r a  t o  PA and LF were obtained wi thoc t  
d i f f i c u l t y  ( see  below) but EF has proven t o  be poorly immunogenic, perhaps because 
i t  is not recognized a s  a fo r e ign  p ro t e in .  After  ssveral e f f o r t s ,  r e a c t i v e  a n t i s e r a  
were obtained from one r abb i t  and from one of s i x  immunized guinea pigs .  These s e r a  
had good t i t e r s  I n  ELISA but did not  y i e l d  prec ip i tan  bands i n  g e l  d i f f u s i o n ,  
sugges t ing  t h a t  a s i n g l e  an t i gen i c  s i t e  was recognized. It is intended t h a t  these  
s e r a  be t e s t e d  f o r  t h e i r  a b i l i t y  e i t h e r  t o  neut ra l ize  the enzyme a c t i v i t y  of b r a in  
cyc lase  o r  t o  immuno-precipitate s p e c i f i c  p ro te ins  frem detergent  e x t r a c t s  of b ra in  
membranea. To d a t e ,  only the  "Western b lo t "  technology has been t r i e d .  Brain 
e x t r a c t s  were e lec t rophoresed  on SDS g e l  s l abs ,  the proteins e l e c t r o p h o r e t i c a l l y  
t r a n s f e r r e d  ("Slotted") on to  n i t r o c e l l u l o s e  shee t ,  and p ro t e in s  r e c o g n i t ~ d  by t h e  
anti-EF Rera were l oca t ed  wi th  a  peroxidase conjugate of s taph  p ro t e in  A. Approx-
imately 4 bands were t e n t a t i v e l y  i d e n t i f i e d  as  brain cgclase by t h i s  procedure. 
Since t h i s  method i s  sub j ec t  t o  s eve ra l  types of a r t i f a c t ,  it w i l l  be necessary t o  
use a d d i t i o n a l  techniques before i t  can be claimed that EF is a n t i g e n i c a l l y  s i m i l a r  
t o  b r a in  c ~ c l a s e .  

Fur ther  s t u d i e s  have been conducted on the  action of EF (with PA) on cu l t u r ed  
c e l l s .  Elevated CAMP l e v e l s  slow the  growth of most types of c e l l s  and a r e  l e t h a l  
t o  a few types ,  of which t he  S49 mouse myeloma is the ks t  charac te r ized .  Mutant 
S49 c e l l s  r e s i s t a n t  t o  cholera  t ox in  o r  t o  dibutyryl-tLW have been i s o l a t e d  
previously and have helped t o  I d e n t i f y  components of the hormone responsive 
adenyla te  cyc lase  system. I n  co l l abo ra t i on  with Dr. b n r y  Bourne, Univers i ty  of 
Ca l i fo rn i a ,  San Francisco,  t h e  f e a s i b i l i t y  of i s a l ac t rg  S49 mutants r e s i s t a n t  t o  EP 
( m d  PA) is k i n g  examined. Wild type and mutant S49 e e l l e  were ine-'lated wi th  
var ious  combinations of EF, PA, and phosphodiesterase h h i b i t o r s  ( t o  block cAMP 
hydro lys i s ) .  Although growth of he c e l l s  was slowed, there  was not d high degree 
of mor t a l i t y ,  a s  would be requi red  f o r  m t a n t  selection. Thus, EF may only be 
u s e f u l  f o r  mutant s e l e c t i o n  i n  S49 when combined with other  agents  t h a t  e l e v a t e  AMP 
concent ra t ions .  

O th t r  c e l l  l i n e s  had previously been found t o  survive treatment with EF and PA. 
Theoe t e s t s  had employed c o ~ f l u e n t  monolayeru. In a  more s e n s i t i v e  t e s t  of t h e  
i n h i b i t o r y  ac t i on  of EF and PA, c e l l s  were plated a t  very low d e n s i t i e s ,  tox in  was 
added one day l a t e r ,  and co lonies  were s t r a i n e d  a f t e r  7-10 days. Growth of near ly  
a l l  t h e  c e l l  l i n e s  t e s t e d  was i n h i b i t e d  by EF a t  1-10 ng/rnl (with PA a t  100 
ng/ml). Vero c e l l s  showed a unique response, being inhibi ted by low but not  by h igh  
concent ra t ions  of EF. 

Many a spec t s  of an thrax  t ox in  research requi re  t ha t  s ens i t i ve  and s p e c i f i c  assays  
be a v a i l a b l e  f o r  each t ox in  component. Using the  purified components, s p e c i f i c  
a n t i s e r a  were ra i sed .  High t i t e r  anti-PA se r a  were produced i u  both r a b b i t s  and 
goats .  LF induced good s e r a  i n  s eve ra l  r abb i t s  but appeared poorly an t i gen i c  i n  
goa ts .  (Anti-EF s e r a  were discussed e a r l i e r . )  Though the t o t a l  number of animals 
immunized is a o t  l a r g e ,  t he r e  is a suggest ion t ha t  the more h igh ly  p u r i f i e d  PA. and 
LF samples were l e s s  e f f e c t i v e  immunogens. This might serve t o  confirm an old claim I 

t h a t  EF can a c t  a s  an ad juvant ,  a s  has  been established f o r  another  c4MP e l e v a t i n g  
agent ,  cholera  toxin.  Goat and r a b b i t  anti-PA antibodies were p u r i f i e d  on an 
a f f i n i t y  r e s i n  of PA a t tached  t o  CNBr-activated Sephsrose. The pu r i f i ed  goat  1 
ant ibody has been used i n  an ant ibody capture  type n l c r o t i t e r  ELISA which is capable 
of d e t e c t l a g  1 ng PA. This  ELISA system has been use2 t o  sc reen  var ious  B. 
a n t h r a c i s  s t r a i n s .  S te rne  s t r a i n s  cured of plasmid (Drs. Mikesel l ,  buds&)  f a i l e d  

i 



t o  make PA (<O.lX af l e v e l  produced by parent r t r a in ) .  Thir  de tec t ion  r y r t e r  3 u  
k e n  extended to  u u  on f l a t  polyvinyl s k t r ,  whT -5 i$.Ye rrode needed f o r  
acreenin# of 9. c o l t  o r  I). m t h r a c i s  coioaiea f o r  PA myatheair. 

RLISA method8 have a i s o  been developed f o r  de tec t ion  of ant ibodies  t o  PA, LF, 
and BF. Though t h i r  technique war i n i t i a l l y  rat up t o  rcreen f o r  lpouee aonoclonal 
antibodies,  a simple modificat ion a l l o w  q u n t i t a t i o a  of rabbi t ,  huaan, o r  guinea 
p ig  IgG antibodlea. Antigen is bound t o  the p l a s t i c  aurface of d c r o t i t e r  wells ,  
unknown o r  standard n n t i w r a  a r e  added, and bound 1%; is detected with a p e r o x i d a r c  
s taph prote in  A conjugate. 

The i d e n t i f i c a t i o n  of KP u an d e n y l a t e  cyclaae provides a vary e e n r i t i v e  
method f o r  de tec t ion  of t h i r  protein. Uhea the S t e m  s t r a i n  w u  grown i n  mediur 
rupplewnted with horra serum i t  was pors ib le  t o  m u u r e  c r l d u l i n - d e p e n d e n t  
adanylate cyclase a c t i v i t y  i n  l e s s  chat 10 V 1  of c u l t u r e  b ~ p t r n a t e .  When super- 
na tants  of parent and plasmid-cured r t r a l n s  were concentrated by ammonium s u l f a t e  
p rec ip i t a t ion ,  it war found t h a t  the Sterne cured de r iva t ive  re ta ined about 1% of 
the  parenta l  cyclase ac t fv i ty .  The large  decrease i n  t o x i c i t y  associa ted  with 
plasmid l o f a  ( r e e u l t r  from Bacteriology Division inves t iga to r s )  had ~uggeseed t h a t  
the  gene8 f o r  PA o r  LF were ca r r i ed  on the plasmid. The re t en t ion  of some EF 
synthesis i n  tho cured de r iva t ive  indica tes  t h a t  a t  l eao t  one copy of the  EP gene is  
not on the  plasmid. 

Attempts continued during t h i s  period t o  determine the  mechanism of ac t ion  of 
LP. Cultured c e l l s  t r ea ted  with LP and PA were examined f o r  a l t a r r t i o n a  i n  amino 
ac id  uptake, nucleotide pool composition and phosphoprotein p ro f l i e .  No grose 
change6 were found. Bowever, eome of these s tud ies  eaployed Chineee hameter ovary 
(CHO) c e l l s  which were subsequently found t o  be amng t he  l e a s t  sensitive cell l l n e e  
(see  below). The pur i f i cd  I,F was teeted f o r  severa l  e n t p a t i c  a c t i v i t i e s .  No 
a b i l i t y  t o  hydrolyze o r  m d i f y  N-U) o r  the common ngcleoaide triphosphatecl was 
detected.  Some knowledge of the  physiological system8 a l t e r e d  by LF night  be gained 
i f  a p ro tec t ive  drug were ident i f ied .  Older s tudfes  had wrvey eome c o m a  drugs 
without iden t i fy ing  any t h a t  were protective with the  posoible exception of 
ba rb i tu ra te s  (3). To t e a t  whether calnodulin or  prostaglandins n ight  be involved, 
r a t s  i n  groupe of 3 were given ch.20rprcnatineB indomethacin, o r  s a l i n e  p r i o r  t o  
challenge with crude tctxin (provided Ly Dr. Ivine,  Bacteriology Division). A l l  9 
r a t s  died between 58 and 60 min. Therefore, a t  present  no s p e c i f i c  hypotheale a s  t o  
the  m l e c u l a r  gecheniem of ac t ion  of LF is favored. 

The bas ic  tnfonsat ion  needed t o  form hypotheses on the  a c t i c n  of LF should 
evolve from the recent  f indings  tha t  LP (with PA) e i t h e r  k i l l s  o r  blocks the  growth 
of many types of cul tured  c e l l e .  Surprisingly,  CHO c e l l e  are one of the  few types 
t h a t  r e e i s t  the  ac t ion  of LF. Thie toxic  e f f e c t  is  most c l ea r l - azen i n  assays  l i k e  
those dtecribed above f o r  EF, where c e l l e  a r e  p la ted  a t  low densi ty  and challenged 
one day l a t e r .  Witn p a r t i c u l a r l y  sens i t ive  c e l l s  such an BHK, a simple c y t o t o l i c i t y  
t e s t  baaed on the color  change of media can be dcne i n  mic ro t i t e r  pl.m*.es. Thie 
a e d - q u a n t i t a t i v e  assay should replace the  cumbersome and expensive r a t  l e t h a l i t y  
assay. Also the  f a c t  t h a t  s e n s i t i v e  c e l l e  a r e  now iden t i f ed  w i l l  a l l w  examination 
of what c e l l u l a r  funct ions  a r e  f i r a t  affected. This information may lead  t o  a 
r a t i o n a l  search  f o r  the  enzyma',ic a c t i v i t y  presumably poeeeeeed by LF. 
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Work continued during t h i s  period on the  s e l e c t i o n  of hybridomas producinz 
monoclonal an t i bod i e s  t o  an thrax  t ox in  components. Increased experience with t h i s  
technology d id  lead t o  g r e a t e r  success  with i nd iv idua l  a spec t s  of t he  procedure, but 
succes s fu l  campletion of t he  e n t i r e  process and i s o l a t i o n  of hybridomas was no t  
achieved. With t h e  establ ishment  of a hybridorna l a b  a t  USAMRIID (Dr. Ear ly ,  
Virology Div is ion)  t:.is work has now been resumed. D r .  Early has  performed a fu s ion  
and has cloned a nur~ber  of hybridomas producing an t i bod i e s  t o  LF. The l i n e s  w i l l  
now be grown i n  a s c i t e s  t o  o b t a i n  l a r g e  amounts of antibody. 

S tudies  de s ig r rd  t o  cha rac t e r i ze  and i s o l a t e  t he  genes coding f w  an thrax  t ox in  
were begun dur ing  t h i s  per iod ,  and a r e  being performed by D r .  Mishael Vodkin, a 
s e n i o r  l e v e l  NRC Associate .  DNA of B. an th r ac i s  was cleaved by t h e  r e s t r i c t i o n  
nuclease Mbo I and l i g a t e d  t o  plasmid pRR322 DNA t h a t  had been d iges t ed  wi th  
BamHI. E. c o l i  s t r a i n  H B l O l  was transformed with t he  recombinant DKA and t rans-  
formants car ry ing  plasmids w i t h  i n s e r t s  were i d e n t i f i e d  by t h e i r  r e s i s t e n c e  t o  
a m p i c i l l i n  and s e e s i t i v i t y  t o  t e t r acyc l i ne .  The D 3 A s  frcm randomly s e l e c t e d  
co lonies  were cxamiwd on agarose g e l s  a f t e r  d ige s t i on  with BamHI, and were shown t o  
be of var ioua s i z e s .  This  shows t h a t  a " l ib ra ry"  of B. a n t h r a c i s  genes was 
prodaced. A l i b r a r y  was i n i t i a l l y  cons t ruc ted  from t r e  DNA of a S t e rne  s t r a i n  cured 
of plasrnid. Attempto were a l s o  made t o  cons t ruc t  a "mini-library" from t h e  DNA of 
t he  plasmid. However, t h i s  e f f o r t  has  been hampered because i t  proved very 
d i f f i c u l t  t o  i e o l a t e  t h e  DNA of t h i s  l a r g e  and f r a g i l e  plasmid. Using t h e  small 
mounts of plasmtd DNA a v a i l a b l e ,  i t  has  been demonstrated t h a t  c leavage wi th  Bad1 
produces a t  least e i g h t  r e s t r i c t i o n  fragments.  Scmming t h e  ~ i z e a  of t he  i nd iv idua l  
fragmenca g ives  a minimum a i z e  of 120 k i l obase s  f o r  t he  plasmid. More r ecen t ly  a 
l i b r a r y  has been cons t ruc ted  f o r  the  t o t a l  DNA of t he  S t e rne  s t r a i n .  This  l i b r a r y  
is expected t o  con t a in  both chrorroeomal and plasmid genes. The eeve ra l  thousand 
co lonies  comprising t h i a  l i b r a r y  a r e  now k i n g  screened t o  d e t e c t  ones producing 
an thrax  t ox in  components. 

Presen ta t ions :  

1. Leppla, S. Anthrax t ox in  edema f a c t o r .  Presented,  Anthrax Research 
Review, WRAIR, 1 December 1981. 

2. Leppla, S. Anthrax toxin.  Prebented, USAMRIID S ta f f  Conference, 
28 January 1982. 

3. Leppla, S. Anthrax t ox in  edema f ac to r :  a b a c t e r i a l  adenyla te  cyclase.  
Presented,  Gordon Conference on Microbial  Toxins, Plymouth, New Hampshire,2-6 Augnst 
1982. 

Publ ica t ions :  

1. Leppla, S. H. 1982. Anthrax toxiit edema f a c t o r :  A b a c t e r i a l  adenyla te  l 
cyc lase  t h a t  increaseo  c y c l i c  AMP concent ra t ions  i n  eukaryot ic  c e l l s .  Proc. Natl.  i
Acad. Sci.  USA, 79:3162-3166. I 
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/ r , Background 
j: 


Argentine hemorrhagic fever (AHF) ie an acute febrile diseaee with high 

morbidity and mortality. The etiologic agent, Junin virus, ie a member of the 


i hrenavirue taxon, and as such possesses many biologic featuree of the group, 
inclndLng persistence in natural rodent hosts. The virus is closely related 
.4 serologically and biologically to Machupo virus, the etiologic agent of Bolivian 


. hemorrhagic fever (BHF), which producee a clinically similar disease. 

The .XF clinical syndrome rangee from a mild, self-limitad and non-specific 

illness to a eevere hemorrhagic diathesis and death. Characteristically, malaise, 

anorexia, retro-orbital headache, and fever are followed by thoracic and frzial 

fluehing, petechiae, bleeding gume, and progressive neurologic dysfunction. 

Secondary infection and shock are often-observed complicaLlone cf the disease, but 

the preciee mechaniems leading to death are poorly underetood. Mortality in d AHF 

and BHF approaches 15%; however, recent therapeutic successes through administration 

of human immune plasma to AHF patients have reduced this figure to lees than 2%. 
Although effective in preveating death during the acute etagea of illnesa, this 

approach is complicated by the risks of transfusion-borne diseases, volume overload, 

and 6 curious late-oneet neurologic syndroaur of obscure etiology that has k e n  
observed in 10% of treated eurvivora. 

AHF has been extensively studied since its recognition am a distinct clinical 

entity early in the 1950's. However, many aspects of the disease's immunology and 

pathogeneeie ramin obecure. A variety of experiaenral animals have been used to 

study Junin virus infection, inciuding hawters, rats, mice, and guinea pigs. While 

each emall animal model hae proved useful in investigating certain aspects of 

dfseare pathogenesis, the necessity for a primate aodel to study unique features of 

the disease observed in man has been recognizad. Recent successes by Argentine 

investigators in generating an AHF-lika ryn4roma in marmosets (Callithrix Jacchus} 

hold promise for future applicatione. Unfortunately, difficulties encountered with 

maintaining these animals in captivity, together with their small size, make 

extensive pathogenetic etudy prohibitive. We have therefore worked at USAMRXXD on 

establishing a large primate model for the rtudy of Am. 

The currant work unit is in ita infancy. Approval war granted lees than 6 

monthe ago, so the majority of effort has been focused on developing immunologic 

reagents, and animal modeling. Attention has shifted away from the initial thrust 

of the reeearch unit due to the preseing urgency tor developing a large primate 

model in which to study disease pathogeneair and protective efficacy of a promising 

new Junin virus vaccine candidate. The Principal Invertigator is K.T. McKee, Jr. 




Progress 


There have been two primary lines of research persued to date: (a) studies of 

the molecular biology of Junin virus, a d  (b) assessment of Junin virus infection in 

2 types of primates: Cebus s p .  monkeys and rhesus macaques. 

Molecular Liolcgy: In order to c~nduct snphistlcated probes of Junin virus 

pathogenesis, it is necessary to have on hand reagents of high purity and 

rpecificity. Future plans call for investigation of Junin virus antigen-specific 

iam~lnologic responses to infection etudies which will require purified prepararione 

of viral nucleocapsid and envelope proteins. As an initial step in obtaining such 

preparations, a technique for viral concentzation and purification was devised. In 

conjunction witk Dr. Patricia Repik (Dept. of Viral Biology, USAKIIID), a variety of 

different ~oncer~tration 
and purification schemes were attempted, including: 

precipitation of virus with ~olyethylene glycol/NaCl and ammonium sulfate; rate 

gradient centrifugation through sucrose and tartrate-glycerol solutions; and 

equilibrium centrifugation through combinations of continucus and discontinous 

sucrosc, K' tartrate-glycerol, glycerol, and renografin gradients. Ultimately, 

virus propagated in Vero cells was concentrated by pelleting through a 15X sucrose 
cushion, then purified by sequential centrifugation on 20%/60% discontinuous sucrose 

and 15% to 

label OH,"S, 

% cont uous Renografin gradients. Virus was marked by radioisotope 
or f9P] and infeerivity assayed coincidentally with ra ioactivity. 


At the end of the yurtfication, infectivity titers of approximately 10 1 PFU/ml 
coincident with maximum radiosotype incotpordtion were observed in a single 

optically-defined band. 


Nucleic acid characteristics were then examined. Virion RNA was extracted with 

a chloroform/phenol solution, and electrophoresed on 2.2% polyacrylamide gels. Four 

distinct R!!A species were identified--large and small viral RNA's (approximately 31s 

and 25S), together with cellular 28s and 18s ribosomal WAS. The 4 RNA species were 

then electrophoresed in two dimensions following RNase digestion to obtain 

oligonucleotide maps. These analyses confirmed the uniqpeness of the 4 RNA's as 

distinct species. To our knowledge, th:s work represents the first ol.igonucleotide 

fingerprints obtained with Junin virus. 


Preliminary steps were taken in ideatificetion and purif1ca:ion of viral 

proteins. Virus from discontinuous gradients was solubilized in SDS, and 

electrophoresed to locate protein bands. Virus-specific proteins were identified in 

conjunction with cellular proteins; further purification is in progress. 


Junin virus in primates. Two primate species were chosen for initial 

experiments with Junin virus-Cebus - monkeys and rhesus macaques. Experience 
with Cebus sp. by Argentine investigators suggested that they might be ueeful ae a 
w d e l  for AHP central nervous eyotem disease. Slxteen monkeys were divided into 

groups of 4 (3 experimental and 1 co trol grcup). Experimental groups received 

intraYscular inoculations of 7 x 10 3 PFU Romera strain, 1 x lo5 PFU strain 3551, or 
2 x 10 PFU Junin vaccine candidate #I. Controls were inoculated with virus 
diluent. Animals were observed daily for signs and symptom of disease and 

objective clinical and laboratory parameters followed biweekly for 4 weeks. Little 

or no clinical illnesa wae observed throughout the experimental period. There was 

no rignificant difference in weight change between controls and animals inoculated 

with any virur rtrain. Hematologic findings showed inconsistent changes in white 




blood cell, hematocrit, and platelet counts in Romero and 3551-infected animals. No 

virus was detected by plaque assay of serum, and no virus was recovered (plaque . 
aasay) from throat swabs. Serum neutralizing and irmnunofluorescen: antibody 

deterdnatione confirmed infection of all but control animals, with consistent 

appearance ot immunofluorescent antibody by day 7.14 post-infection, and 

neutralizing antibody 7-10 days later (Fig. 2). Both immunofluorescent and 

neutralizing antibody titers were 4-5 fold less in Candidate 1-infected anima1.s than 

in those infected with virulent strains. 


Half the wnkeys in each group were sacrificed between days 30 and 35 

post-infection. Viral antigen was not detected by direct immunofhorescence in 

brain, spinal cord, lymph nodes, or spleen from any animal. Quantitative virus 

titrations of organs are pending. Histopathologic findings were remarkable for the 

presence of scattered foci of perivascular mononuclear cell infiltration with 

occassional glial reaction in the brain and spinal cord of animals inoculated with 

Romero and 3551. Lesions were reminiscent of those seen in poliomyelitis. Although 

occassional infiltrates were observed in Candidate t-infected monkeys, the degree to 

which such changes were observed was minimal. 


The remaining survivors were observed for an additional 2 months, and exhibited 

no clinical changes. At 30 dayo postinfection, they were sacrificed. 

Hietopathology is pending. 


Pour rhesus macaqueo were than inoculated intra~lscularly with 7.5 x 10 3 


PFU/animal of Romero strain Junin virus, while 2 controls were inoculated with virus 

diluent. Again daily cliuical observations and biweekly objective assessments were 

made. 7.ko of che 4 infected monkeys demonstrated transient anorexia and mild 

depression during the second week post-infection. Mean weights of infected monkeys 

were decreased during weeks 2 and 3 postinfection when compared with controls. 

However, hematologic studies (WBC, hematocrit, and platelets) revealed no 

alterations, and virus was undetectable by plaque assay in the serum of infected 

animals. Neutralizing antibody responses generally paralleled those observed in 

Cebus monkeys. More complete data is unavailable at this time. 


In .fition to these two primary lines of research, preliminary work has been . 
conductea in constructing an ELISA eyntem for Junin antigen and antibody 

detection. Experimento performed to date have resulted ie establishing parameters 

for performing the rests with regard to reagent concentrations and sensitivity of 

detection. Further work is currently ongoing. Serum specimens obtained from the 

abovelrcntioned primate experiments will be quite usefu!. in testing these systems 

upon their completion. 


Publicationr/Presentations: 


None. 




APPENDIX A 
VOLUNTEER STUDIES 

Addendum t o  Pro tocol  79-5, M-16, Evaluation of t he  Human Response t o  
Administrat ion of R i f t  Valley Fever Vaccine, I nac t i va t ed ,  Dried TSI-GSD-200 
(Ind 365), FY 82-1, M-34 Addendum t o  M-16 (4  W S )  

The pro tocol  was i n i t i a t e d  t o  determine t he  s a f e t y  and i m n o g e n i c i t y  of l o t s  9 
through TO of RV? vaccine,  d r i e d  TSI-GSD-200. Presen t ly ,  f i v e  vo lunteer  s u j e c t s  
have been inocula ted .  Nons have exhib i ted  l o c a l  o r  systemic r e a c t i o n s  t o  t h e  
i n i t i a l  e e r i e s  of t h r e e  i n j e c t i o n s .  One sub j ec t  was dropped from the  s tudy  a f t e r  
t he  second vaccine i nocu l a t i on  a f t e r  exh ib i t i ng  an anx i e ty  r eac t i on .  Sero logic  
r e s u l t s  a r e  being ca l cu l a t ed .  More sub j ec t s  w i l l  be vaccinated t o  complete t h e  
pro tocol .  

Immunization wi th  Live At tenul ted  Dengue Q p e  4 Virus Vaccine, 
Study 1: Sa fe ty  and Imatunogenicity of Dengue-4 (H241) PDR 35-TD 3 
FRHL-3 Vaccine (Ind 1669, FY 82-2, M-37) (3 MRVS 3 vo lun t ee r s )  

Five vo lunteers  received undi lu ted  DEN-4 (H-241/PDK 35: vaccine Lot #1 i n  March o r  
May 1982. Each volunteer  had no dengue antibody but was imnnrne t o  yellow f eve r ,  
Only two r e c i p i e n t s  seraconverted fol lowing immunization, f o r  cn i n f e c t i o n  r a t e  of 
40%. Both J.nfected vo lunteers  developed viremia and mild dengue-like symtoms 
inc lud ing  a  macular rash.  Virus i s o l a t e s  recovered from t h e  vo lun t ee r s  r e t a i n e d  
t h e i r  temperature s e n s i t i v i t y  but produced l a r g e r  plaques i n  c e l l  c u l t u r e  than t h e  
vaccine s t r a i n ,  sugges t ing  some phenotypic change had occurred. 

These f i nd ings  suggest  t h e  H-241/PDK-35 vaccine v i r u s  is i n s u f f i c i e n t l y  in f  e c t i o u s  
f o r  humans, y e t  e t i l l  capsb le  of producing symptomatic i n f ec t i ons .  The coneenaus of 
t h e  i n v e s t i g a t o r s  is t h a t  a d d i t i o n a l  human t e s t i n g  of t h i s  vaccine i a  not va r r an t ed  
a t  t h i s  time. 

Eva lua t ion  of WR 180,409 i n  t h e  T r e a t ~ m t  of Multi-drug Res i s t an t  
-F. falciparum (Ind 12735). FY 82-3, M.35 (7 MRVS) 

WR 180,409 was administered o r a l l y  t o  22 n o n i m n e  sub j ec t8  i n f e c t e d  wi th  t h e  multi-  
drug r e s i s t a n t  Vietnam Smith i s o l a t e  of E. falciparum. The drug was c u r a t i v e  i n  
s i n g l e  day t reatment  regimens down t o  8 t o t a l  dose l e v e l  of 750 ag. It was not  
e f f e c t i v e  i n  one s u b j e c t  who was t r e a t e d  with a s i n g l e  dose of Z00 mg. The drug 
produced a rap id  c l e s a n c e  of parasi temla i n  every ca se  and was wel l  t o l e r a t e d .  



Arldrrndum t o  Pro toco l  81-2 M-25, Evaluation of tire Human Response t o  
t h e  Administration of Botul inus  Toxoid Adsorbed Honova1e1:t & MDPH 
Lot #7G07 Ind 161, FY 82-4 NO-;8A (8 MRI'S) 

Eight i n d i v i d u a l s  previously  given botulinurn toxoid,  adsorbed monovalent (E ) ,  Lot 
#700:, a t  0 ,  2 and 12 ueeka were given a booster  in jec t ion  of the  same toxoid twelve 
w n t h e  a f t e r  t h e  s t a r t  of t h e  immunization s e r i e s .  No loca l  o r  systemic reac t ions  
were observed i n  any of the  sub jec t s .  Serum f o r  oerclogy was obtained p r i o r  t o  
boor ter  imrmunization and 14, 28, and 56 days port-iauunization. T i t e r s  of most 
sub jec t8  p r i o r  t o  booster  immunization were lower than the  previous t i t e r r .  All 
r u b j e c t r  had a n  inc reased  t i ter  14 day8 a f t e r  t h e  b o a t e r  i n j e c t i o n  and titerr were 
sus ta ined  through t h e  a m p l i n g  period. These da ta  a r e  a imllar  t o  thoee i n  the  
l i t e r a t u r e  and it appeara t h a t  e coap le te  s e r i e s ,  1.e.. immunization a t  0 ,  2, 12 
weeks and :2 w n t h  booster ,  l a  r eqc i red  t o  produce sustained immunity with t h i s  
toxoid. 

Sa fe ty  t r i a l  Typhoid S h i g e l l a  Sonnei vaccine (Stra in  5076-1C) f a r  a 
volunteer  s tudy a t  USAMRIID and WRAIR (Ind 1737j 1305-01 

Progrese Report 

The Typhoid S h i g e l l a  ronnei  l i v e  o r a l  a t t enua ted  vaccine 5076-1C is Sfge and 
w e l l  to le ra ted .  One volunteer ,  who received a dose one log h i g t e r  (1 x 10 
o r g a n i s m )  than planned f o r  f u t u r e  chal lenge s t u d i e s  and f i e l d  t r ia lbl ,  developed 
mild abdominal discomfort ,  and had one watery s t o o l  from which the  vaccine s t r a i n  
war i so la ted .  Three o t h e r  volunteers  passed the  vaccine r t r a i n  i n  normal ei001 of 
t h e  same day t h a t  they received tha  vaccine.  Thkr, the  vaccine s t r a i n  has a s h o r t  
t r a n r i t  tin f o r  pa r r ing  through t h e  gut  i n  soaw indtvidualr.  b i n  previous 
a t u d i e r  wi th  &. typh i  218, none of t h e  volunteers becam arymptouc ic  carriers of 
t h e  vaccine r t r a i n .  

Tho t r a n r f e r  of t h e  Porn I an t igen  t o  r c r i d a a t  gut f l o r a  was no t 'decec ted  i n  
t h e  690 l a c t o s e  p o c i t i v e  c u l t u r e 8  t e s ted .  None of the  negative co lon ies  i s o l a t e d  
from t h e  volunteer8 were S h i g e l l a  o r  Salmonella specier.  

Only two of t h e  t e n  vo lun tee r s  t a s t e d  developed an antibody response t o  t h e  LPS 
of the  vaccine s t r a i n  5076-lC, and one of these  voluntaarr 8160 developed a responra 
t o  LPS from 8 wiid r t r a i n  of 5. typhi .  The l a t t e r  reapoare probably represen t s  a n  
anamnestic response s i n c a  t h e  volunteer  had been lamunixed with 2. typh i  LPS 
p r e v i o u ~ l y .  A eerum antibody response t o  t h e  vaccine s t r a i n  LPS was not 
a n i t i c i p a t e d  rrince serum antibody reeponse dur ing c a t u r a l  d ieease  wi th  Sh iga l lo  
rpec ics  is unusual and t h e  serum an t fbod ies  response war minimal i n  previous s t u d i e e  
wi th  typhoid 218 vaccine. 

The r e r u l t r  of t h i r  phare f atudy a r e  vary encouraging. The e f f i c a c y  of t h i a  
vaccine w i l l  k determined i n  f u t u r e  chal lenge r t u d i e r  md f i e l d  t r i a l r .  



APPENDIX B 

PUBLICATIONS OF U. S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES 

FISCAL YEAR 1982 

Anderson, J. H. and G.E. Lewis, Jr. 1981. C l i n i c a l  ?va lua t ion  of b o t u i i n a l  
toxoids ,  p. 233-246. I n  G.E. Lewis, Jr. (ed.),  Biomedichl a spec t s  of botulism.-
t'-cademic Press ,  Inc., NY. 

Bailey,  C. L., H. E. Farac, T. P. Gargan, I;, and D. E. Hayes. 1382. Winter 
su rv iva l  of blood-fed and nonblood-fed Culex p ip i ens  L. Am. J. Trop. Med. Hyg. 
31:1055:1C61. 

Berendt,  R. F. and H. W. Young. 1982. F a i l u r e  t o  t ransmi t  r e s p i r a t o r v  
Legionel la  pneumophila i n f e c t i o n  i n  guinea p igs .  J. I n f e c t .  Die. ( re turned  f o r  
r ev i s ion ) ,  

C a l l i s ,  R. T., P. 0 .  Jah r l i ng ,  and A. DePnoli. 1982. Pathology of Lassa v i r u s  
i n f e c t i ~ a  i n  t h e  rhesus monkey. Am. J. Trop. Med. Byg. 31:1038-1045. 

Canonico, Po C. 1983. Ribavir in:  A review of e f f i c a c y  and t o x i c i t y ,  p. 161-
186. -I n  F. E. Ha2 (ed.), An t ib io t i c s ,  Vol. V I ,  Springer-Verlag, Ber l in .  

Dorland, R. B. 1982. The pro tec t ive  mechanism of a c t i o n  of amines i n  
d iph the r i a  t ox in  t r e a t e d  Vcro c e l l s .  Can. J. Microbial. 28:611-617. 

F r i ed l ande r ,  A. M., P. B. J ah r l i ng ,  P. H e r r i l ,  and S. Tobery. 1984. I n h i b i t i o n  
of mouse pe r i t onea l  macrophage DNA syn thes i s  by i n f e c t i o n  with t h e  a r enav i ru s  
Pichinde. I n f ec t .  Immn. 43:283-288. 

Frimsn, G., H-c;. I lback ,  W. R. & i s e l ,  and D. J. Crawford, 1982. The e f f e c t s  
of r ~ r e n u o u s  exe rc i ae  on i n f e c t i o n  with ~ r a n c i s e k  t u l a r e n s i s  i n  r a t s .  J. I n f e c t .  
D i s .  145:706-714. 

Goebel, R. J., A. D. Adams, P. A. McKernan, R. K. Robins, G. R. Revadcar, and 
P. G. Canonico. 1982. Syc thes i s  and a n t i v i r a l  a c t i v i t y  of c e r t a i n  carbamoyl- 
pyrrolopymidine and pyrazoppr ia id i  ne nucleosiden. J. ' I?ed. Chem. 25: 1334-1338. 

Hedlund, K. W., S. F. L i t t l e ,  D. H. Seburn, and R. A. Rote l la .  1982. I o o l a t i o n  
of p ro t ec t i ve  an t i gen  from an th rax  t ox in  by p r epa ra t i ve  isotachophorebiis.  In C. 
Hollaray ( ed , ) ,  Ana ly t i ca l  sotachophoresir ,  Proceedings of t h e  Third ~ n t e r n x i m a l  
Synoposium on i so tachophores ia ,  E l s sv i e r  S c i e n t i f i c  Publiehing Co., Amsterdam ( In  
Press ) .  

Huggins, J. W., P. B. J a h r l i n g ,  W. R. Rill, and C. D. Linden. 1983. 
Cha rac t e r i za t i on  of t he  bindtng of TC-83 s t r a i n  of Venezuelan equine 
encephalomyel i t i s  v i rue  t o  BW-JPK mouse mcrophage-l ike c e l l  i i n e .  J. Gen. Virol .  
64: l49-lS7. 

J a h r l i n g ,  P. B., S. Smith, X. A. Hcsse, and J. B. Rhoderick. 1982. 
Pathngenesis  of Lasra Virue i n f e c t i o n  i n  guinea pigs .  I n f ec t .  Immun. 373771-778. 



men, U. A. and K. W. tledlund. 1982. Antiserum-agar p l a t e  method f o r  
!oue d e t e c t i o n  of &egionel la  spec ies  i n  c l i n i c a l  and environmental 
i. J. Clin.  Mcrob io l .  15:1176-1177. 

tki ,  J. V. 1981. Rcspira tory tularemia: Comparison of s e l e c t e d  rou tes  of 
.on i n  Pir:hre 344 r a t .  I n f e c t .  1-n. 34:766-772, 

iron-Vinegar, A. D. and A. S. Cross. Characterixation of e x f o l i a t i o n  
a by a nonphrge group 11 s t r a i n  of Staphylococcue auraus  i a o l a t e d  from an 
u-oait ted t o t  publ icat ion) .  

J.y, D. .I.,V. Osterman, and E. 8. Stephenson. 1932. Rocky Mountain 
ever  i n  area* of high and low prevalence; Survey of canine an t ibod iee  t o  
ever  r i c k e t t s i a e .  Am J. Vet, Ree. 43:1429-1431. 

ron, C, 0 ,  1983. The r o l e  of Inducible  DNA repair  i n  W-reactivation and 
hanorarm, p. 22-40. F. E. H&hn (ed.), Wolecular and s u b c e l l u l a r  
rlol. 8. Springar-Verlag, Ber l in .  

Duc, J. W., A. t .  Roch, V .  P. Pinheiro ,  and A. P. A. Travassoa da b r a .  
Epidemic Oropouche v i r u r  d i r e a e e  i n  nor thern Brazil. Bull. Pan. Am. Health 
15~97-103. 

Duc, J. W., A. L. Hoch, I. P. Pinheiro ,  and A. P. A. Travarroa da Rosa. 
Bnfermedader e p i d e l i c u r  por e l  v i r u r  Oropouche en e l  nor te  de Bras i l .  Bol. 
t. Panam. 92:143-152. 

Duc, J. W., A. Brca jad i l lo ,  and S. M. Lelan. 1981. H e p a t i t i r  A v i r u s  among 
Paluronian wl moukeyr. Lancet ii:1427-1428. 

h c ,  J. W., C. A. S d t h ,  L. R. Bagley, S. E. I h r t y ,  and K. U. Johnson. 
P r r l i l i n a r y  evidence t h a t  Hantaan o r  a c lo re ly  re la ted v i r u r  is e n t o o t i c  i n  
c rodentr.  N. England J. Ued. 307:624. 

Duc, J. U., S. M. Lemon, C. H. Keenan, R. R. Graham, 8. H. Uarchwicki, and L. . 1993. Experimental i n f e c t i o n  I n  t h e  New World Owl Monkey (Aotur '  
1%) with h e p a t i t i 8  A vfrue. I n f e c t .  I l u n .  40:766-772. 

b c ,  J. U., C. A. S d t h ,  L. R. Bagley, S. E. Hasty, and K. M. Johneon. 
n t i g e n  an& antibody t o  Hantaan v i r u r ,  caura t ive  agent of Korean Hemorrhagic . 31-32. Conference'on V i r a l  Dieeaser,  US - Japan Cooperative Medical 
Program. 

m ,  S. U., J. W. LaDue, and L. N. Binn. 1982. I r o l a t i o n  of h e p a t i t i r  A 
>m t h e  New World Oul Monkey: A new model f o r  h e p a t i t i r  A i n f e c t i o n r .  Proc. 
r Sclease  C o n f e r e n ~ r  ( In  Prerr) .  

m, S. H., J. W. LaDuc, L. N. Binn, A. Escrjrdi:lo, and K. C. I 1982. 
tione of h e p r t i t i r  A v i r u r  among recen t ly  captured Panamanian Owl Monkeys. 
r o l  10~25-36. 

,la, S. H. 1982. Anthrax tox in  e d e m  fac to r :  A brcter i r r l  adenylate  cyclase  
*e r ro r  c y c l i c  AUP concentra t ion8 i n  eukacyotic c e l l r .  Proc. Natl. Acrd. 

79:3162-3166. 



Lewis, Jr., C. E, 1981. Editor, Biofiedical aspects of botuliem. Academic 
Press, Inc., hTY. 

. . 
Lewis, Jr., G. E. 1981. Approaches to the prophylaxie, immunotherapy, and . . - * 

chemotherapy of botulism, p. 261-270. - In G. E. Levis, Jr. (ed.), Biomedical aepecte . . . . 
of botuliom. Academic Press, Inc., NY. . - 

-L 

.. . .- 
Lewis, Jr., G. E., S. 5 .  Kulinski, D. W. Reichard, and 2 .  F. Yetzger. 1981. . . . - . 

, - Detection of Clostridium Lotulinurn type G toxin by enzyae-lidced immunosorbent . - .  
, -  

assay. Appl. Environ. Microbiol. 212:1018-1022e t-..'. 
,*.;. , 
. . . 

Lewis, Jr., G. E., S. S. Kulinski, E. H. Fallm, J. P. Klyza, and J. T. Bryans. . . 
a _ - . . .  . . 

i982. Evaluations of a botulinum toxoid, type B, for the prevention of Shaker foal - 
syndrome. Proceedings of 27th Annual Meeting of the American Association of Equine I -  - 

.. . 
Practitioners. a ., - ..,,._' 

. . . . -. 
Liu, C. T, and E. J. Galloway. 1981. Changes in tissue cyclic AMP . ... . . . .. . 

concentrations following an intrawnous lethal dose of cholera enterotoxin in . . 
_ *  . . 

rabbits. Toxicon 19:701-704. @ 
-, 

Liu, C. T., M. J. Griffin, P. B. Jahrling, G. A. McNamee, T. MI Coegriff, and 
C. J .  Peters. 1982. Physiological rceponser of strain 13 guir.ea pigs to Pichinde 
virus infection. Fed. Proc. 41:1133, 

Liu, C. T. and M. J. Griffin. 1982. Changes in body fluld compartuents, tissue 
vater and el.tctrolyte distribution and lipid concentrations in rhesue monkeys with 
ytllov fever. Am. J. Vet. Reg. 43:2013-2018. 

Lowry, B. S., R. Y. Berendt, and K. W. Hcdlund. 1981, Early tidsue invasion by 
Legionella pneumophila following aeroeolization into guinea pigs. Ann. Clin. Lab. 
Sci. 11:452. 

Lwry, B. S., P. G. Vega, and K. W. Hedlund. 1982. Localization of Legionella 
naumophile in tissue using PITC-conjugated epecific antibody and a background 

!iain. Am. J. Clin. Path. 77:601-605. 

Mscasaer, P. and J. White. 1984. Rapid diagnoeie of enterovirue infection - 
the role of light and electron microecopic obesrvatione. Milit. Ked. 149:282-284. 

Middlebrook, J. L. acd D. L. Leatherman. 1982. Differential se;ieit:vity of 
ceeiculocytes to nicked and unnicbed diphtheria toxin. Experimental Cell Res. 
138i175-182. 

Mikesell, P., 6. E. Ivins, J. D. Netroph, and T. Me Dreier. 1983. Evidence 
for plaemid-mediated toxin production in Bacillus mthrecie. Infect. immun. 39:371- 
376. 

Hikesell, P. and G. B. Knudeoa. 1982. Plasmids of Legionella species. 
Proceedingm of the Army Science Conference. 



-- 

Neufeld, H. A. and .I. G. Pace. 1982. Stereotypic reaponsee to infection and 

flamnation. Probabze activation of phagocytic cells. Inflammation 6:137-146. 


Peters, C. .I., C. L. Bailey, and G. A. Eddy. 1981. Current Rift Valley fever 

research: potential implicatione for Middle Eart. J. Egypt. Public Health Aesoc. 

Ref. 56:374-402. 


Perera, C. J. Phagocytoaie and cytotoxicity by aurine ~acrophage cell lines. 

J. Reticulandothel. Soc.' (submitted for publication). 


Pinheiro, I. P,, J. V. LeDuc, A. P. A. 1. Roaa, U. L. C. Gclwr, and A. L- Hoch. 
1982. Tranedasion of Oropouche virua from aran to ha~utera by the akldge Culicoides 

paraenais. Science 215:1251-1253. 


Powanda, M. C. and P. G. Canonico (ede.) 1981. Infection: Thq physiologic and 

metabolic reaponsea of the host. Eleevier Biorxdical Preer, New York. 


Rapik, P. H., J. H. Dalrymple, W. E. Brandt, J. H. HcCown, and P. K. Ruoaell. 

1983. RNA fingerprinting as a method for disting~iehin& dengue type 1 virua 

straine. Aa. J. Trop. Mtd. Hyg. 32:577-589. 


Rorato, R. Re, 0. l4. Brand, and L. R. Bagley. 1982. Retention of fluoreecent 
antigenicity of vircr-infected calla on epotalider under varicus condition^ of 

storage. J. Virolog. Htth. 5:279-284. 


Rorato, R. R., L. R. Bagley, and B. J. Luscri. Rrlatlve eenaitivity of 

standard serologic tests to detect specificity of the IFA test to identify arbovirue 

antibodtea (in clearance). . 

Rorato, R. R. and C. 1. Hagar. 1983. Comparison of *no- and poPyclona1 

antibodies for detection of Pift Valley fever v i n e  antigen by EL'ISA. Abut. her. 

Soc. Mcoobiol. (in clearance for preser~tat?on). 


Sellin, L. C. 1981. Portsyruptic affect8 of botulinum toxin at the 

neuroauscular junction, p. 81-92. S C .  E. Lewis, Jr.  (ed.), Biomedicd aspects of 
botulicm. Academic Presr, Inc., NY. 


Sellin, L. C., J. A. Uuffnan, and B. 8. DseGupta. 1983. Comparison af tha 
neuromscular effectr of botulinua neurotoxin type8 A and E. Hed. Eiol. 61:120-125. 


Sellin, L. C. T-2 mycotoxin inducer a hypsrpolsrization in rat skeletal muscle 
(submitted to Eur. J .  Pharm.). 

Siegel, L. S. 1981. Poreentation kinetics of botulinum toxin production (types 

A, B, and E), p. 121-128. E G .  Z. Ltvir, Jr. (ad.), Biomedical aspect8 of 
botulirm. Acadelic Prerr, Znc., NY 

Siegel, L. S. 1981. Effect of iron on grovth and toxln pboduction by 

Clostrldium botulinum type A. Curr. Wcrobiol. 6:127-130, 


Smith, R, A. and P. G. Crnonico. 1982. Rlbavirln. Holecular brrafr of action. 

In Y. Becked (ed.), Antiviral drug8 and interferon. H. Nijhoff, The Netherlands 

(In Prarr). 




- . - - - - - - - . - . - - -

Wachter, R. F. and G. P. Briggs. 1981. E f f ec t  cf lysozyme on t h e  immune 
response of guinea p i g s  t o  t h e  s o l u b l e  phase I an t i gen  of Cox i e l l a  b u r n e t t i .  Acta 
Vi ro l .  25:241-244. 

Wannarks, G. L., E. L. Stephen, and P. G. Canonico. 1982. P r e c l i n i c a l  
eva lua t i on  i n  monkeys of a r i b a v i r i n  regimen proposed f o r  u se  i n  Lassa f e v e r  
p a t i e n t s .  Toxicol.  Appl. Pharmacol. 64:155-159. 

Wannemacher, Jr., R. W., M. V. Paminski, Jr., R. E. Dinterman, and T. R. 
McCabe. 1982. Use of l i p i d  c a l o r i e 8  dur ing  pneumococcal s e p s i s  i n  t h e  rhesus  
moneky. J. Parent .  Enter .  Nut, 6:100-105. 

Wannem~cher, Jr., P.. I:., J. G. Pace, and H. A. Neufeld. 1981. L iver  metabolism 
dur ing  i n f e c t i o n  and endotoxemia, p. 245-270. I n  M. C. Powanda and P. G. Canonico 
(ed.), I n f ec t i on :  The ph- j s io loy ica l  and metabomc process  of t h e  hos t .  
E l sev ie r /Nor th  Holland Biomedical Press ,  Amsterdam. 

Watts,  D. M., J. W. LeDuc, C. L. Ba i ley ,  J. M. Dalrymple, and T. P. Gargan, XI. 
1982. Se ro log i ca l  evidence of Jamestown Canyon and Keystone Virus  i n f e c t i o n  i n  t h e  
v e r t e b r a t e s  of t h e  DelMarVa Peninsula.  Am. J. Trop. Med. Hyg. 31:1245-1251. 

White, J. D., F. G. Sh i rey ,  G. R. French, J. W. Huggine, 0.  M. Brand, and H. W. 
Lee. 1982. Hantaan v i r u s ,  a e t i o l o g i c a l  agent  of Korean hemorrhagic f eve r ,  has  
Bunyaviridae-like morphology. Lancet 1:768-771. 



APPENDIX C 


CONTRACTS, GRNKS, MIPRs, AND PURCHASE ORDER IN EFFECT 


NO.
-
DAMD-17-80-C-01.54 


DAMD-17-74-C-4128 


DAMD-17-78-C-8017 


DAHD-17-82-C-2179 


DAMD-17-82-C-2021 


DAMD-17-82-C-1027 


DAMD-17-82-C-2119 


DAM)-17-80-C-0100 


DAHD-17-81-C-1028 


DAMD-17-79-C-9024 


DAMD-17-79-0-9494 


DAMD-17-77-C-7043 


DAMD-17-77-C-7018 


FISCAL YEAR 1982 


TITLE, INVESTIGATOR, INSTITUTION 


Hachaniraa of Protective Irlnogenicity of Mcrobial Vaccined 

of Ullitary Medical Significance. M. S. bcher, University of 

California College of Medicine 


Geneticr of the Encephalitio vector, Culex tarsalla, for 

Poeeible Application in Integrated Control. M. Aenan, 

Uaiverrity of California Berkeley 


Genetics and Molecular Studier of the Phlabotoaur Fever Group 

of Virureo. D. L. Bishop, University of Alabama 


Toxicologic a d  Analytical Studier vith T-2 and Ralated 

Trichothecene Mycotoxine. W. B. Buck, University of Illinois. 


Studier on Inamochenical Techniquer for Detection of Selected 

Fungal and Dinoflagellate Tozinr. P. S. Chu, Univerrity of 

Wieco~in 


Togavirus-specific Immune Effector Mechanisms. G. A. Cole, 
Univerrity of Maryland 


Rerearch and Preparation of an Equine Beptavalent Botulinal 

Antitoxin. R. U. Condie, Univerrity of Minnesota 

Study of toxic and Antigenic Structures of Botulinua 

Neurotoxino. B. R. DarGupta, University of Wisconsin 


hpid Methods for the Laboratory Identification of fJathogenic 

Ulcroorganiems. R. J. Doyle, University of Louirville 


Larlra Imaune Paver Plasm. J. D. Pram, Columbia University 


Irolation of the Etiologic Agent of Scandinavian Epidemic 

(Endemic) Nephrcpathy from Human Patients (and from Wild 

Rodents) as Presumptive Strain in a Vaccine against Korean 

Hemorrhagic Fever. G. Priman, Upprala University Horpital, 

Uppsala, Sweden 


Dopartarant of Paoralen Photoinactivated Alphavirur and 

Arenavirur Vacciner. C. V. Ranson, California Dapartmnt of 
Health 


Vector Competmce of Morquitoer for Arbovimser. J. L. Hardy, 

Univarsity of California, Bsrkeley 




Prepara t ion  and Charac te r iza t ion  of Mouse and liuman Monoclonal 
Antibodies t o  Botulinum Toxins. K. W. Hunter, Uniformed 
Serv ices  Universi ty  of the Health Sciences 

I n  V i t ro  Se lec t ion  of an Attenuated Variant of S indbis  Virus: 
I nves t i ga t i on  of the b l e c u l a r  Basis f o r  Attenuat ion.  R. E. 
Johnston,  North Carol ina S t a t e  Universi ty  

Ion Channels from Uamal ian  Brain and Heart Incorporated i n t o  
P lanar  Lipid Bilayers:  Regulation by Membrane P o t e n t i a l ,  
Calcium and Neurot-'dns. B. K. Kruegcr, Univers i ty  of Maryland 

Korean Hemorrhagic Fever. H. W. Lee, Korea Univers i ty  Medical 
College, Seoul 

Resident Research Associateship Program (Pos tdoc tora l  and 
Senior  Pos tdoc tora l )  with t he  Walter Reed I n s t i t u t e  of 
Research. 8. W. Lucien, National Academy of Sciences 

Production of Monoclonal Antibody t o  Hemorrhagic Fever 
Viruses. J. McCormick, Centera f o r  Dieease Cont ro l  

Metabolic Products,  Mass Spec t r a l  Analyses and Synthes i s  of 
Toxic Trichothecenes. C. J. Mrocha,  Universi ty  of Minnesota 

The Prepara t ion  of P a r t i a l l y  Pu r i f i ed  Anthrax P r o t e c t i v e  
Antigen from One S a t i s f a c t o r y  100-Liter Cul ture  B. a n t h r a c i s ,  
f o r  use i n  Serologic  Testing. J. R. Mi tche l l ,  nTchigan 
Department of Publ ic  Health 

Mechanisms of Bunyaviruo Viruleqce: A Genetic Approach. N. 
Nathanson, Ualvers i ty  of Pennsylvania 

Genet ic  Charac te r iza t ion  of In sec t  Vectors of Diseaue. J. R. 
Powell, Yale Untversi ty  

Product ion of an Experimental Phlcbotawrs Fever Vi rus  
Inmunogen. A Purchio, Molecular Genetics,  Inc. 

Detect ion,  I s o l a t i o n  and Charac te r iza t ion  of an  Agent from 
F e b r i l e  P a t i e n t s  i n  Malaysia Sero logica l ly  React ive wi th  
Rickettsia sennetsu. M. Ristic, Universi ty  of I l l i n o i e  Urbana-
Chamapaign 

The Synthes i s  and Study of New Ribavi r in  Der iva t ives  and 
Related Nucleoeide Azole Carboxamides as Agents Acgive a g a i n s t  
RNA Viruees. R. K. Robins, Brigham Young Univers i t  

T ransova r i a l  Transmission of J E  Virus by Masciuitoes. L. Rosen, 
Univers i ty  of Hawaii 



--- 

Development of Spectal Biological Products. A. Shelokov, Salk 

Inrtitute 


Pharmacological Studies on Botulinum and Tetanus Toxine. L. L. 

Simpson, Columbia University 


In Vitro Studies of Sandfly Viruses and Their Potential 

Significance for Vaccine Development. J. P. Smith, University 

of Ihryland 


Regulation of Salivary Output by Waequitoes. A. Spielman, 

Harvard School of Public Health 


Serological Screening Teet for any Botulinum Toxin Type. H. 

Sugiyama, University of Wisconsin 


S~udiee of the Tramvarial Transmlosion of Phiebotoaue Fever 

Viruses in Sandflier. R. H. Terh, Yale University 


Genetic and Physiological Control of Protective Antigen by 

Bacillus anthracir. C. B. Thorne, Univereity of Massachusetts 


Rapid Diagnosir of Arbovirue and Arenavirus Infections by 

Imunofluorercenre. G. Tignor, Yale University 

Propagation and Characterization of the Etiologic Agent of 

Nephropathia Epideaica. C.-8. Von Bonedorff, Unlvereity of 

Helsinki, Finland 


Prepazation of Hyperimmne Botulinum Toxin. S. Ware, Pine 

Bluff Biological Products 


Investigation and Management of Ebola Virus Infection in 

NOG-Human Primatea. A. J. Z u ~ k e r ~ n , 
London School of Hygiene 

and Tropicai Medicine, England 




mOSShRY 

ADCC Antibody Dependent Call+adiatad Cytotoxici tf  

AG Antigen8 

AHF Argentine hemorrhagic Favar 

SAP Bacter ia l  Alkaline Phorphataaa 

Bin? Bolivian Hemorrhagic l eva r  

BR Barrier-Reared 

CF Complement Fixation 

CHI# Chikungunya Virus 

Chinere Hamatar Ovary 

Chemical Ioniza t ion  

CL Chemiludnerccrnt 

CPK Creatine Phorphokinaa* 

CRD Chronic Rarpiratory Dirarre 

1)AS Diacetoxyrcirpenol 

DEN Dengue V P x r  

ECD Electron Capture Detection 

EDXI Median E f f r c t i v r  Dora 

EEE h a t e r n  Equine Encephali t i r  

Edam Factor 

Ebola k a o r r h a g i c  Fever Virur 

BLXSA tusymo-linked iaauarororknt ar ray  

EMS Bthyl Methane Sulfonate 

PnJ Pluorercrnt  Pocur-Pormlng Unltr 

GLC GAD Liquid Chrosrto#raphy 

m Cuanorine Uonophorphrta 



I 

8 .  

:* 

\ 
\ ', h-.' . 

IFA 

IHA 


I P  

IT 

I V  

Jv 

lllEl 

LCn 

LDB 


%0 

I.?' 


UA 


MR 

MDPli 

m 
NG? 

m 

Glutaaic-oxr.lacet i c  Transadnara  

Guinea Pig 

Hantaan Virue 

Intraderoral(1y) 

Median Infec t ive  Dora 

xnter ieron 

Imunofluoreacent 

Immnofluoreecent Antibody 

Indi rec t  l i e ~ g g l u t i r u t i o n  b r a y  

In t raper i tonea l  

In t ra thorac ic  

In t ravenoudly)  

Junin Virur 

Korean Hswrrhagic Paver 

Lymphocytic Choriomeningitir 

Lac t ic  Dehydrogenase 

Median Lethal Dore 

Lethal Factor 

H i c r o a g g l u t i ~ t i o n  

Monobutyrl R i b v i r i n  

Wchigan Depa r tun t  of Publ ic  Health 

Ilrcrophage Growth Factor 

Nerve Growth Factor 

Neurotoxin8 



PA Protective Antige:. 

PAGE Polyacrylvmide Gel Electrophoresie 

PEG Polyethylene Glycol 

PFU Plaque-Forming Units 

PI Post-inoculation 

PIC Pichinde 

PMN Polymorphonuclear Leukocytes 

RIA Radioirmrmne Assay 

Rh Rabbit 

RLA Radio-Labelled Antibody 

RVF Rift Valley Fever 

SC Subcutaneoua 

SEB Staphylococcal Enteratoxin B 

SEC Staphylococcal Enterotoxin C 

SPRIA Solid Phase Rsdioiraraune Assay 

TLC Thin Layer Chromatography 

TCA Trichoroacetic Acid 

WRAIR Walter Reed Army Institute of Research 



DISTRIBUTION 

# copies 

5 Commander 
US Arlny Medical Research and Development Connuand 
ATTN: SGRD-RMS 
Port  Detrick,  Frederick, MD 21701 

Comander 
Letterman Army 1netitu:e of Research 
(LAIR) Bldg 1110 
Pres id io  of San Francisco, CA 94129 

Director 
Walter Reed Army I n s t i t u t e  of Research 
(WRAIR) Bldg U) 
Waehington, DC 20012 

Commander 
US ArPrg Aeromedical Rerearch Laboratory 
(USMRL) Bldg 8708 
Port  Iluckar, AL 36362 

Commander 
US Army I n r t i t u t e  of Dental Research 
(USAIDR) Bldg 40 
Warhington, DC 20012 

Commander 
US Army I n s t i t u t e  of Surgical  Research 
(USAISR) Bldg 2653 
Fort Sam Hou~ton,  TX 78234 

Commander 
US Army Medical 3ioengineering Research and Development 
Laboratory 
(USAMBRDL) Bldg 568 
Port  Detrick, Frederick, HD 21701 

Coaerander 
US Army Medical Rerearch I n r t i t u t e  of Chemical Defense 
(USAHRICD) Bldg E3100 
Edgewood Area 
Aberdeen Proving Ground, HD 21010 

Commander 
US Army Rebearch I n 8 t i t u t e  of Environmencsll Medicine 
(USARIEH) Bldg 42 
In t i ck ,  MA 01760 



Defense Technical Information Center 
ATTN: DTIC-DDA 
Alexandria, VA 22314 

Commandant 
Academy of Health Sciences 
US Army 
ATTN: AHS-CDM 
Fort  Sam Houston, TX 78234 

Director 
Biological  and Medical Sciences 3ivision 
Office of Naval Research 
800 North Quincy S t r e e t  
Arlington, VA 22217 

Commanding Officer  
Naval Medical Research and Developmeat Command 
National Naval Medical Center 
Bethesda, HD 20014 

RQ AFEISC/SGPA 
Brooke Air Force Base, TX 78235 

Director of Defense Research and Engineering 
ATTN: Asaiotant Director (Environmental and L i fe  Sciences) 
Washington, DC 20301 

Director of Professional  Servicee 
Office of the  Surgeon General 
Department of the Air Force 
Washir.gton, DC 20314 

Defense Technical Information Canter 
AITN : DTIC-DDA 
5010 Duke S t ree t  
Alexandria, VA 22314 

Embassy of the United S ta te s  of America 
USDAO-ANLO US Embassy 
Box 36 
FPO NY 09510 


