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I-~ 11 anti-viral drugs, vaccinia virus, yell01.1 fe,·er vh'ua, 
n,;. M C~:lmean-c7~1Y ~emorrhaciiAff"er virue, lymphoc:ytic c or1on,en n ts v rus-
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Ntnefy-thffe drugs~ tested ~1nat LCMV ID the adult mouse model. 
Founem ~ gave VR sc:ores '> 1.2 whlch places these dNp In the top 90th percentile 
ol all clnra,, teated 1n the LCMV model 

The Identity of the nbav1rtn resaatant '1rWI hu been establlahcd by mouse 
neuttalizatlun teat u.11.ng A(etone~er extracted CCHF ttnJs mouse pl~lonal 
antJhc,dy. Theff were no bttakthrough mice In the ncutrallzat.ron test. Rlbavlnn-
ras,nant vtrus waa n:•lsolated from 11\w tlaaue of Infected 1.'lll:e. 
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After Infection oC mlCe With vaccinia vtn:s. tall li::slons could be easily 
quanUtated by stalnlng I.alls lllllh a mlXture of methylenr: blue and Ouoresceln. 

~ch ot 5 vtrus strains was grown In Vero cells and Utra!cd by plaque 
Cormauon. The lowest plaque titer was obtained With the Wild type (398 PFU/0.J mis), 
the hlghcs: With the Copenhagen strain (630,957 PFU/0. l mlsl, "ibc plasm.Id and 3PP 
strains had ldenUc:il plaque Ute~. 25,199 PFU/0, 1 mls. Mice were Inoculated with the 
lowest possible dDllt', 398 PFU of each strain. Leslonll were counted. The wile! type w:is 
the most vtrulcnt strain requlr1ng only 9 PFU to produce a lesion. The Lister, 3PP, and 
Copcn:1agen ~re the nc:n rnore vtnllent In that order wtth 66. 284. ar.d 995 PFU, 
respcc~ly. required to produce lesions. The pl3Sllld stn1n dld not produce lesions 
wtth thlS lnoculum dose . 

The experiment wu repeated U!ilng the tnaldlnum number o/ PFUs Cor each 
vtrus as lnoculum. The results were generally similar. The most vuulent vtrus strain 
was the wild type which requLred only 9 PFU to pmduce a tall lesion. The Lister, 
Copcnh;,gen and Plasmid :strains were the next most Virulent In that order requlrtng 
249, 7,336. and 17.942 PFU, l'CSpectlvcly, to produce a single lesion. ussng a high virus 
dose lnoculwn, U1e 3J'P Mr.lln rtQulred o.l, 797 PFU to prnduce a lesion. 

Two IJl~d mouse !ltra!ns, BALB/C and NU/NU, and two random blld m'Jllse 
$tralns CF• l and CD· 1 were Inoculated with the Copenhagen strain of vacelnla virus. 
~slona were counted Immediately :ilter Cormallon (days 6-71 and later Just before the 
lesions were resolved ldaya 8• 101 depcndt.ng upon the lndMdual mouse strnJn. The 
vartaUon about the mean number ol leslons depended upon the time ot counting 
However. the dlll'ercnces observed among mouse strains were not conalstent and were 
not statJsUc:illy s!grullcant. Neither dld the day of coununc lesions !early IIE'J"$LIS 
later) make a statJsUcally slgnlllcant dllTereru:e for any Single MOU$C strain, 

Tall lesions were counted In 3-4 Wt.'Ck-old (19.S mgsJ and 10 week-old (34.SgmsJ 
CD-1 mlc:e. Allhou~ sllgl,Uy more tall lesions developed using younger ml~. the 
dlaerenccs were not staUSUcally Slgnltlcant (p=0,28 by pain:d t•lest), 

Ara·A • AVS 1752, was more eJl'cctive than nbavtrtn, AVS 1. 111 the vaednla 
vtrus tall • ~.ston model. 

11le parau drug, adcnoslne n'-o,,dd~ • 1985. and sever.ii analogues were tested at 
MVer.11 drug d°'e levels. Dni~ teated, lnaddWon to 1985, Included; 2911, 3607. 3679 
and 4224. The order or cdkacy, ~ moat potent to least. waa 4224, 1885, 3679, a.nd 
3607. and 2911 at 300mg/kg. The anaJosue 4224 lsalsolllOl'C potent than the parent 
and othc:r analogues at lower drug dose levels 1200 q/kg). 

A protocol hu been dndo;,ed for testing of an lmmunotaodulator Ill the 
yeDow fever vtrus primate model bnplemcntauon oC the protocol was delayed 
because or an potential lntereurrent outbreak of Ebola V1Ns Ill cynomolgoua 
monkeys. 
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In conducting the research described In th!& report, the Investigator adhered to 
the "Gulde ror ti1c Care and Use of Laboratory Anllnals," prcpllffll by the Committee on 
Care and Use of Laboratory Animals of the Institute of Laboratory AnlmaJ Resources, 
National Research Council IDHEW publication Nu. IMH) 86-23, Revt~d 19851, 

Cit:illons of commercl:il organizations and trade n:imea Ill this report do not 
constitute an official Dcpanment of the Army cndo-rsi:Qlent or approval of thfl 
products or servlc~s of these organizauons. 
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INTRODUCTION 

111ls report Is dl-t1ded Into four sections. The results of drug testlng In thne 
different mur'.ne models are shown In the llnit !hrce sections. Toe results or drug 
tcstlng In a primate model are gtven In the ro111th section. 

SECTION ONE: REPORT OF LCMV DRUG TESTS 

1.0 PREPARATION 01' NI LCM VIRtlS ST()Cg 

We had been ustng a unique stialn of LCM virus ILCMV) bl drug t~ tn tlle U:MV 
model. The vtrus strain In use has a high penpheral pathogenJctty for adult mll't 
w,,lch Is 1•nusual for LCMV lnfecUon or llllee. We dertved this stnun by passage Jn 
C3H/J mice. Jn this contract period, we hat! dilllcultles In propagaUng our LCMV 
stOl'k. Problcms were cncounttrtd 1'ccause the vtrus stock used for our drug te.ts has 
been prepared tn C3H/J mice. 1be C3H/J str.wi o( mou&e was not avallable to us 
because of a fire at Jackson laboratories. 

Fortcnately. ba~e(! and frozen adult Infected C3H/J 11llce had been held aside 
In the~ freezer (-701 1,,r such an c:mcrgency. Vlnls was harvested from the bra1ns 
of these frozen mice and was titrated In CFl mice. 

Efforts were undertakffl lo prepare a stock of LCM vuus {LCMV] for addluonal 
drug testing. Fir.It, we had to find a mouse str.un whlcll would support LCMV 
repllcauon In :tuch a way that peripheral wulciu:e for randcmi-bred mice was 
m.ilntalned. Virus Isolated from the bra.Ins o! C3H/J mice ta lethal for random bred 
nllee when Inoculated peripherally (l.p.). 

Two typu of thrcc-~ek old mice ?ierc obtained front Charles River 
Laboratories (Klnptonl. These llleluded ranclom•breu CFl mice and C3H/HEN mlce. 
LCMV rrom C3H/J mice was Inoculated Into both CFl and C3H/HENmlce. Virus was 
harvested on th~ seventh day from the br.uns or thc:te two types of Infected mice. !The 
baiita ror choosing the 7th day w-a d1Ctatcd by our pm'loua eKperience using C3H/J 
1111cc In which vuui1 nter was highest on day 7 after lnoc:ulatron,I Virus 1tccks were 
prepared from virus both CFl and C3H/HEN llllce. After preparation. these vtrus 
stocks were '.ltratcd In parallel In CFl llllce (sbt·weck old, nndom bred). The :aults 
are su!Dl1W1zed In the Table l. 

1.1 JofORTAUIT WITB ta.IV Sl'OCKa AF1ER PROPMlA.TION IN$ 
DIJl'FERENT STRAINS 01' MICE 

The Important ~ •. arneter wu how the mlce died .In these intrapentonc:al (Ip) 
Utmtlons. ln testing anuvtraJ drug ac:Uvlty, It was Important to find a dose which 
ga,,e unllonn mortality. 1be ~t YINS stock was the: CH3/HEN "'ock which gave 
u111!01'1Q mortallty over a range of VINs dlluuons. These data an shown In Table 2 • 

VI Rl!SULTI OP' LCIIV OJtUG 1E61S 

NJncty•tlutt drugs were tested against LCMV In this adult mou,e model 
Fourteen drugs gave VR sa,re9 > 1.2 which places these drugs Ira the top 90th pcrccnuJe 
cl an drugs tested Ill the: LCMV model. The dlltes of the: drug tests. the AVS numbers, w . 
:!Cores, virus and drug d06c:s ullCd an~ In the Tables 3-8 . 
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TABI..E l ., SUMMARY OF LCM VIRUS TITERS APTER 
PROPAGAT1.0N 0~ LCMV IN 3 DIFFERENT STRAINS OP MICE 

Mouse s'ir:iih (or virus 
ropagauon 

C3H/HEN 

C3ti J 

CFl 

Vlnls Ulet In CF 1 m!CC Num er o ampou es 

TABLE 2. MORTALITY OF RANDOii BRED (CFI) MICE APTER 
PROPAGATION OF LCMV IN 3 DIFFERENT STRAINS OF MICE 

MOUSE STRAIN 
USED FOR VIRUS 
PROPAf:ATION: 

CH:1/HEN STRAIN 
VIRUS DILUT.'ON DEAD AUVE 
10-2 s 0 
l0.3 s 0 
104 s 0 
10.5 5 0 
10.S 2 2 

en RANIIOM-BRF,D 
VIRUS DILUTION DEAi> ALIVE 
10-2 ' I 
10.3 s 0 
l'l-4 4 I 
10.5 3 2 
10-6 3 2 

C:llt/J STRAIN IJAXl 
VIRUS DILUTION DEAD ALIVE 
10•1.7 s 0 
,0-2,7 4 I 
10-3,7 s 0 
104,7 4 I 
10-S,7 2 3 
10.S,7 0 s 
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TABLE 3. RESULTS OF TESTING IN THE LCM MODEL 3/ 13/89 

• AV~ NtJMIJER VRSOOaE VIRtJS DOSE D~u~llOSlt Nu.Ol'DRUu 
U>oo'S .MD/KG D08Z8 

• 

• 

1 206 1.2 
_D 2870 0.9 !> 2877 .6 2 5 2878 . 6 

. 
--" 2957 .6 50 --" !~958 0.8 -4230 .7 25 

4605 .8 :.., 
4607 1,15 .... 
ltm u.8 .... 

1.0 25 
[] 1l .us • IIO 4 12 u.7 2 , 14 u.7 

- ... 1 U.IS ' 5 

• TABLE 4, RESULTS OF TESTING IN THE LCM MODEL 4/3/89 
A, .. R VRSCOR!: VDt...,. DOSE biwG~ ..... _ .... .,_ 

U>ISO'S -- DOeES ---
• 206 LIi 

~ ..... 
i,,,,., 0.9 ~ 41:113 1 luu ...., , 14 1. ·~ £ 
~ 1S l 

' .. 4 111 .l l .. 
19 . I .. • •= l .. ,~l . l 

4622 "' 1 .... 
l.f: 1 ..... 

4 l.1 lu ,_ 
• '7.llO L J 

• 

• 

4,,1 •• l 

~ 
,. 1 
u, 
1,1 I 

.. 47.,., 
4,..., 1 
4,'IO . l u 

"' 4, ., ·~ ., 
47 l )uu 
4, • 1.1 1!... 
47 ~ 100 
~• l I 
47 "' l 

• 

• 
/ 
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TABLE 5. RESULTS OJ' TESTING IN THE LCM MODEL 6/12/89 

AV'~ NlJAWE'l Vil YIKUS.,.,...,. DRIJGJX>SE ,...,. o, DRUG 
LDIY.)'9 m,'KG .)()~ 

3)6 1.6 lCO 100 
478'.! 1.1 lLU 7:, 
1.7&\ i.O 100 7 
4784 1.0 l 7 : 
4785 1,1 1 7 
,: 7111$ 1.1 1 ' •7,n i..: {; ' 478~ 1.1 - ,5 
4790 1.u 100 7 
1791 l.u 100 :, 
•790 ·~ 100 
•796 J.D lCO J 

4300 I.I 1 ..... ..,,.., l.u l• 
4802 1.2 ll 

...,(YI. 1.u l• " 
4804 1.u luu 
4805 J.u luu - Lli: 100 
,t807 L:.I MAI 

.sos L .... .. 
~ l. 1 ..... ,., 

L luu ·~ 
-11 l,U lu., 7:. 
~12 u.i, luu 7:, 
'"nu 
47.~ 

• . ..,.J, . ..111:. ·1uT. : 
DCSCIUPllON OF 1HE LCMV MODEL 

Adult mice are llloc:walPd w,th so mg/kg t:l dntg Lp. tn a volume oI 0.4 mis to 
0.7 mis depending upon the weight of the J.ndMdual 'llllce. Forty.ftve minutes later. 
mlCe are Inoculated With 50 ID50'1 of LCM virus 1LCMVJ l.p. The vtrua maJn ls 
propagated by 1ntracerebral pas.,age In Inbred C3H 1111«. Randuin bred CF·l mice 
from Charle. River are used for drug tests. The ldenttty of the vtrus str.un ha& been 
man•tOttd by examination of lnfttted mouse tissue by lmnlunoOu~,c:ence. The 
Virus stock Uters 5.0 to 5.4 log LD50's by lntr.lpe11to11eal .lnoculaUon of random brect 
mtce. The drug diluent was DMEM except where spccillc othetwtse by USAMRJID data 
Sheela. 
COlfflEU.nos BE'nVEEN 1HE GEOME'l'RIC MEAN SURVJVAL TIME OF LCMV 
INFEC'IZD COmROLMJCE IVCI .AND VIRUS DOSE. 

The relaUonahip betwcm t.'ie VC and the vtrus :1- .In the l.cMV model vu 
presented In detaJI In the previous year's report. 

·-
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TA»LE 6. RESULTS OJI' TESTING IN THE LCM MODEL 6/19/89 

AVSNI/MBER VRSCORE VIRu:.DOSE 11.RVr. nu.vFDRUG 
C>c,os Im/BO DOSES 

206 1.2 ..... WU ;J 
4817 0,9 2oi:r- " ::, 
481" 1,1 ,,...,., 

II ::, 
482v 1.0 :100 II ::, 
48.<I 1.0 2 " 6 
-4822 1.1 ~ II 
4o:l:•· 1.1 :.e ' <W2•\ l. 

' 4825- 1. 
• 

482' I • -ffl~8 l. 200 
~,.~ l. ~ 

4830 l. L~ 

' 4831 1.3 :..,.,, 
4833 t,.9 17.o : 
,0.,.. -u ....,., 
~-n l.u u 

'°""' 1,u u 

"'""' 1.u ~ 

"IO'IJ 1.u L~ :, 
-c814 - = 48.u, 
4818 
4837 
4838 -· 'l'(j;a.; 

r •v-l.\BLES: ·- TOXIC 

DESCRlPTION OF1HE LCMV MODEL 
Adult mice are Inoculated With 50 WJJ/kg d drug Lp. In a 1/Qluo:.:; of 0.4 mis to 

0. 7 mis depending upon the weJght of th~ lndMdual mlee. Forty•ll\>e minutes later, 
mlee are Inoculated with 50 LDSO's of V.:M vtrus ILCMVJ Lp. The "1nl& strain 1a 
propagated by lntracerebral paasage In Inbred C3H mice. Random blM CF• I mice 
from Charles River are used for drug test!:. ':1le klenUty of the vlnl8 stra.n has been 
monitored by mmmallon ol Infect~ mouse tissue by lmmunoO-nce. The 
vtrus stock Uters 5.0 to 5.4 log LDSO's by Jntrai,entoneal ln0Cul9Uo'J ot nmdom bred 
ID1ce. 
CORREU.noN BE'IWEEN 11fE CEOMF:l"RIC MEAN SURVIVAL 11ME 0'!" LCMV 
INFECJ'ED CONTROL MICE (VC) AND VIRUS DOSE, 

The n:laUon:.hlp between the vc and the Virus doee Ill the LCMV model -
presented In dctall !n the pl'l!'olbus ycrJ.l"s 119891 report. 
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SECTION TWO: REPORT (JF CCHF VIRUS snmms 
2.0 1301An0'N OF IUDAVDUlMlEStaT.MT VDW9 ntCAI JUB.\\IDU!f• 

TJU:ATEO ANIKA\.& 

f'~irlltr - havt rl:ported that~" lnfn:tcd With 2.5 LDSO's of CCHI'" 1/b'Ull from 
llvtr 11,.,ur or Cctlt" lnf~cd anfj dmit• lt1:alf!d msce wrn: not protected by rtb.lvtrtn 
, ,.. .,1111rn1 Tht VR 9C'Ort In m~ U'l'aled wtlh SO msv'kll was 1.0 Md the VR score In 
OI!('(' !1taltt1 11o11h 100 mft/kg was 0.9. 11:e rtb.lV!tln VR 9CO~S In 11\lce Infect~ W!UI 2.5 
IJ>:,01< or CCllf liver vtrus which h:-.i, not bten pas.~,ied lhrough rtba.:t11n,trcattd 
;uun,.,L, wnc 2.7 and J .O for 50 mg/kg and 100 msv'ke l'CSJ)«tM:ly. 

2.1 IDE?fflTT OF JlJIIAVlRJl'HIESISlANT VDltlll 

The ldtllllty of lhe nba..1nn ~slstant Virus has betn c,itabllshcd by mouse 
n<"um,11,.auon ll'!lt usln,( .i«lone-ether atractcd CCHF Vlnls mouse poly\:lonal 
antibody Th"~ -rT no l>rtakthrough mice In the neulrallZatlon lest. 

Ft,pt,.1 td pa!ISl\gc (3 p3.$S3gcsl cf the Y!Jus through r1bavlt1n•l.n!altd anlmals 
l'\"l'lulltd 1n a pr()jln:s.'llvc 109,9 of virus vtrulence after Ip lncculaUon of Infant mice. 
Atlrr thrt't' passages. thrre was no mortality In untreated aJUm&ls. nus n:sult 
s11~r~1td thal the vtrus Iller In the lmr tit.sue of rnlstant '11c:e wu decnas.lng With 
tach paMa11tt. We h~ nol Joo~ at the VltUs uter In other organs dunng the course ol 
lnfrct Ion wtlh rtbavtrtn·rrslstant vtn1,. II may be that the pathogeneSls or nbavtrtn 
n:"1!\lanc-e ,1rus 19 dUJ'erent from that of lhe parent V1Ns, 

a.3 .ATTDIPn TO ISOIAT& RDIA\IDUN RJ!8181'Mt VIRUS FROM 
'UNTREAffD IGCB AND 10 11&-ISOf..ATZ RESJSTA!ff VIRIJS FROM TREATED MICE. 

The"' - two questions lh3t we ro:11 should be~ Ftrst. we wanti:d to 
know I! rtbav1t1n•l't's1Stant v!Jus could be l!IQlated (n,m un~at~ mJce. Sei:ond. we 
wanted to know tC we could dupllcate the experiment descnbed above. We partlculady 
needed to duplicate our prevtous experiment becl!u.e - needed a la,ger rea!Stant vtrus 
stock To accompllsh lhesc goals. we ha,-vested CCHF vtrus fram liver tmue of 
•mtN!aled and nbaYIM·l"'aled mice at various llmH after lnftttlon. In our INl.lal 
experiment. we Isolated vuus Ml the 9"fflth dsy from mice With no cllnlcal signs 
(NCSI . Therefore, we folio~ the same general protocol In these c:zpenmmts. The 
protocol foUowed ts tummar1zed In Table 7. 

2.4 IUBA1'"1JUl'f USISTNICE MD IIORTAUTI' 

Eltamtnauon ol mottaUty alone suggested that nbaVIM-n:sllltant vu.is could 
be Isolated frmn bot.II untreated aNmala and ~•led animals. After lsol:..!Jon of virus 
from both u-ated and bated groups, ther-e 11/U'e 1mtance9 where a stgnl8a-nt 
number ol anJmab d1ed despite rtbavtnn llatment. (Teble SA). 

2.1 JtlllA'VDUII-D811T.filfCS AND 111B CIIOa&nt.c IIIEA1' SUIMVAL '1111B 
Cft800RQ. 

Although mke died after ~allllenl wtt.h rtbavlr1n. the ge<-11Detnc mean 
sun,IVaJ Ume was almost always s'«Jllllcantly elmated 11.2 or l"'aler). Tots accuned 
In rvery caSt whett the V1Ns source was frum untreated :N&.-e or tnlce ~ated wtth 
rtbaVlltn at fiO mgJq. fl lftlstance 1s ineasuM by • change In bot.II mortalJty and VR 
SCOT1!, then - have 3 substralns, denved rnmi the same paRnt, which are nbavlnn 
re1s1an1. The ~nl waa der!Yed by pas.s.age through mloe treated wnh 100 mg/leg of 
rtbavtrtn. as was true In th1: ln.lUal experiment. These data are sho11111 In Tablt 8B . 

10 
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TABU; 1. Sl/MMA,RV OF RIBAVIRJN .RF.SISTANCE STUDIES IN THE CCHP 
MOUSE MODEL 

MOUSE DRUG VIRUS DATcOF STCKOR DATE OF v.a-:r GROllP lREAT- U1.lJJ10N HARVEST NCS PASSACE INIO NUMI\Ei: MF~'IT 
2?04 LJMEM ., -'/29/89 s S/17 30 IJ,3014.30 IS 290$ DMEM .s 4/29 ' '111 2989,2990,1991 2903 CMEM ., S/1 w 612 30'9,3060,3061 2905 l'lll1EM ., SJ:t s '112 2992.2'93.2994 2907 'SOrns A.VS I ·2 S/1 s S/17 3016,3017.JOII 2908 "'m1 A.VS I .3 S/1 ~ 6/2 3062,J 063,3064 290~ lJm1AV$ I -~ 4/'29 1 S(J1 1998,7.919.3000 2909 50ms AVS I -4 5/1 w S/12 JOOl ,3002,3003 2910 ,OmcAVS i ., ,12, s S/11 19'~.2996.2997 2910 ,OmcAVS I • S/1 , 

6/2 30)6,JOS7 ,3058 ·-2910 ,OmaAVS I ,S S/2 7 MS 30CM,300S,3006 2911 50maAVS I -6 ,,,~ w S/11 19t0.291 l,2982 2912 IOOmc,\VS I -2 4/21 w S/31 3022.302J,3U2' 2912 100 m&AVS I .2 4/19 w S/IS 3001,,oc~.Joo, 291l JOOmcAVS I •l -'1'28 1 S/31 3025.3016.3027 291l IOOma,\VS I .3 l/1 1 5/31 3019,3020,3021 2913 100 n,s.4 VS I .3 S/1 w 5/IS 3010,3011,3012 291' 100 fflc.AVS I -4 '" s SIii 2913,1984.2915 291• lOOm&AVS I ., >,.,. w S/1! 2916.2917,ZOS 299? SO ma,\VS I -1 S/2.; w MIi 3168,)i~!'.~170 3014 S0mcAV$ I • l S/ll,51'2• 3S 6/JO 3171,l172., 17l 3016 100 "'&A VS I ·I S/25 iw 6/30 3 I 7',) 17S,3176 JIOS ,Omc>,VS 1 ·I 6/22 :w 6/30 311'1.l 178,3179 ll 11 SO ma,\V$ I •I 6/23 2S 6/30 3110.3181,3182 2990 IDOm&AVS I ·I S/21,S/23 w '!IS 310.,310J,l106 3021 100fflcAVS I •I 617 2W 6/IS 3107.3108.310, 302) ,OmrAVS I •I 6/9 ,.s 5/31 311013111.3112 



' ' ! 

.. 

TABLF. 8A. RIUAVIRIN RHSISTANCE IN THE CCllt' MODEL: MORTALITY 

DRUG VIR:JS DAY OF RESul.TS OF PASSAGE (MORTALITY) 
TRF.A","'MENT DTLUTION HARVEST 

OMEM 50MG/KG IOOMG/KCi 

0 ·" I ISICKl SIS 1111 3/S 0 .5 9 ISICKl 3/& 5/S $/1 
0 -~ IOINCSI 0/ll 'Ont '"" 0 -~ II (SICK) 1/8 0/8 018 
so •I 6{SICY.' 7/8 Jn< OIR .so •I 1, CS) 6/8 3"' '"' so •I 9 5.!QSL 1/B .,. OIi 
50 . I 7 CSi Oil! 011 0"' so • I 9 CSl 0/8 OJ!I 0"' jQ -2 10 SICKl 4/ll 0/ll O/!._ so .J IO!SICKI 71X Jn< 0 
~ -I 8 SICK Ml ND 0 so -4 9 NCS OIX ·- 0 
50 .s 7 SICK 218 2/ll 7 so ·S IO!SICK ""' 0/8 ""' so .5 11 (SICK tJ/1' 0111 QIR 
.so -6 8(NCS) (l,S OJ8 0/S 
100 .J 1,~cs 4/ll I One 
100 • I 8&11 SICK) 1/ll 0 One 
11111 ·I 8 cs 4111 0 ""' 100 •I 9 NCS 0/8 ""' U/11 
100 .z 7 NCS• 3/1 518 411 
100 . ., 7 NCS1 :.t/1 3/8 .,. 
100 .3 10 SICK) .,. .,. $/1 
100 .3 II ~cs 0 018 ""' 100 -4 13 SICK I OIR OIR 
100 -4 13 .. cs 0 ""' [Ill( 

P'ootnole: 
Rlbal.lirvt·~statanc~ In UU! CCHF m«UI. 1'wo r1bav1nn•treated C"Ulgle doee. 100 
mg/kg) nuce With no cllnJcal algna ol lllness were nccn,psted on Uie seventh day after 
lnl'~Uon. V.lrull was 1solatfll from pooled liver and pooled blood by Ip pueqe In other 
lnCant mice. The Infectious vtrus titer In the !Mr (4.0 loCtO LD50'11/ll,l'UII of tJaauel 
wu higher than the Uter In the blood (2.3 log10 I.D50'11/ml J. 

The ol1gfn&I vtrus from hver tissue from l'lbllVirln trtated mk'e wu used aa 
soun:e In III nbavtnn drug teat. MICC wen! .IDCected Wltll a tow doee of the !Mr Virus 125 
LDso'sl and buted wtth .r1bavtl'ln at either 50 mg/kg or 100 mg/kg. The VR In mJce 
treated wtth 50 n>g.'kg was 1.0 Md the VR In ma~ WUh 100 mg/kg was 0.9. 111,. 
rtbavlrln VR"s In mice Infected w1th 25 LDso's of CCHF llV\!J" YINS whlcli had net bet'll 
pass--iged through rtbavirtn-!ftatcd anlmal.<s were 2.7 and 3.0 for 50mg/lrg and 100 
mg/kg respecUvely. NCS mearu. no i:lln1c:al •'IN• 
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T4BLE SB, RIDAVIIUN R,:Sl~T4NC.E J:-1 THE CCHP MODEL: 
GEOMETRIC MEAN SURVIVAL TIME 

MORTALITY AND 

VIRUS SOUII CE 'l'R£ATMENT OF ltECIPreNT MICE 

OMEM SO mr,&1 !00 mg/leg 
Monality VCScon V ,nali11 Ilk Sun Monali11 VR S.C.. 

(I) DMEM, If -4. D8. SICK m B.O ~ 1.2 l/8 (2) DMEM. IJ. S. D9, SICK m 7,(1 '" 1.8 ,n (3) DMEM, IO•S. DID (NC'S) (),18 NA 0/8 NA M (4) DMEM, 10.S, Oil, SICK 118 1.a 1W lJ 0/8 
(S) AVSI, .50 MGJKG.10-1, D9, U:IC 818 9.0 .,.. , .. 1.2 W8 (Sa) ·••AVSl, so,MOJKG. D7, SICK ~Ill 126 .,. .... 1.2 1111 (51>) ••••·AVSl, 50 MO/KG, D7, SICX 618 l2.6 ll8 1.5 1/8 (6) AVSJ, !O MG/KG.10.2, DIO, SICK, 4/8 16.9 M 1.7 0/8 {'1) AVS l, -'O MO/l<G, 10-5. D?. SICK 218 21 218 1.2 218 
(7) A VS I, 100 MO/KG. 10-2. D7 (NCS) 818 9.2 SJ8 1.5 4/8 (S) AVSl,100 MG/KG, 10,l,D7, NCS ,,. 19.5 lJS • o., Ill •• (Sal • A VSI, SO MG/KG, D8, SICK .,. .. , 111 1.0 711 18b) .. AVSI, 108 MG/KG, D1, SICK •IS u., .,, .. ~ •/I 

• INDICAffS A MOUSE PASSAGE: 
nt£ VIRUS 1Tl'ER (I.DSOI IN DMEM IS 10.SJ (II.OZ 1111, IP) 

Foolnote 
Atlempta to l.solate rtbavtr<11 rntstant l1'l'Us front placd»treatecf mu and ro ,._ 
ISolate resistant uU'usfront l"lbava1n·lrfflted mitt. CCHF vtnls aubstralns were tested 
for nbaV1r1n-sens1t1Vtty by barvesi.lng vtrus from liver t.Lsaue ot placebo-treated and 
r!bavutn-treated mice at dUTerent times after Infection wlth YUytng Yl.!U1 doaes. 
Repn:aentaUve results are shown In detall In table Sb. A parent 'ltnls waa denved by 
paaaage through m1oe ~a!ed With 100 mg/kg of nbavtnn, aa In the Int ezperlment 
dC5atbed abow:. Substnwia, de. Md frolli th•~ parent,~ re:statant CVR s 1.0) to 
tn:arment w!lh 50 mg/kg of drug. In each case. senlltMty to ruiavtnn at 100 mg/kg 
was also ftduoed. NCS means no dlnlcal slglla 

' \ 
I '. 

2J 
1.8 
NA 
3.S 

l.2 
1..1 
2.0 
t.7 
1.0 

1.6 
l.l 
I • .Z 
1.0 

I 
• 

, 
/ 

I 

I 
I 

! 
' 

I 

I 

I 

I 

I 

I 
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SECTION THREE: $uMMAR.Y OF STUDIES WIIn VACCINIA vm.us 

3.0 ORIGIN AND PASSAGE OP Tm: COPENBACl!'lf 8TRAlN OP V.ACCJNIA 
VUUJS. 

lnJllally. one \l'lal of tw., strains o( ecrromella "'1us vlru1 (IHD strain iarul the 
Copenhagen strain) were rc~,vt"d at Yale. These i:11aterlab had been thawed bdorr. 
they we~~ shipped 10 us on dry Ice. lbc nm stJaln was ~du an qig mcmbr.ine 
suspension and the Copenhagen straltl was received as I call lymph. The actual 
destgnaUon of the Virus str .tlns we recetvcd - Emory and Kappe. We assumed that 
the Emory str.lln IS the DiD Stnln and the Koppe straJn b the Copenhagen straln 
all hough we could be ,urc ol the accuracy or thlS assumpl1on. The vtrus Strains wen: 
passaged ln VERO cells 

The Koppe straln conlalnffl malenal which was lnstanUy t<mc: to VERO cells. The 
orlglnal malenal at a 1: 100 dJluUon was put througll a 0.22 mµ fllter and was then 
,•~aln Inoculated Into Vero cells. Elghtr.en hours later. the celb were cxamlned by IFA 
usizlg an cctromcila vuus antibody, The cells weni IFA po,IUve. These cultures were 
used to make a Usiue culture stock. This stock wu pas.$aged Into suckling mice 
because the tissue culture grown \llrus did not produce WI leslom In llllCe. An Infant 
mouse brain atoclc was prepared with a Uter oC 103·5 /0.02 mis ID Infant inlce. The 
Emory Strain \lllS passed In Vm, cella. CPE was found 18 houn later. The Ctdtures 
lllerc hazvested and a stock wu prepl!Jffl. 11u.s Y1JUs was paseed Into Infant m;~ and a 
stock was mac.ie flllm brain tissue. 1he stock was dealgnated a.s Copenhagen. 

3.1 TAIL Ll!:SION8 WJ'rB Tm COl'J!:MIAGEH 811WN OF VACCINIA. 

The methodology followed heni was adopted from a protocol developed by Bayle et aJ .. l 
The two strains were Inoculated Into tall~ of sbt•weck old male random-bred 
mice. Mlee developed lessons on the elg)lth day bolh at 1: \0 and 1: 100 dllutlons or the 
Kappe wus SU1Un stock. Following lnoculaUon or the EmOly strain, lealons 
developed on thi: elgllt day at 1:10. but net at the 1:lOOdsluUon. Lesions could not be 
observed after the 14 days. There was 110 mortality In any group Inoculated. 

LealOns could be easily quantttated by staining ta1l.a with a llllxture ot methylene blue 
and nuorescetn. The Kappe strain producc,d the more severe lesions. Therd'ore, this 
strain was used In our lnlllal tests to standaldlze the model Photographs otlarona 
are shown 111 Figures l and 2. 

Subsequently. we received from Dr. Joe.I Dahymple foUT cWl'ermt Yll'uS 
~trains. A llmltcd dcsertpUon of each follows. 

U OiaER vAa:JNI,\ VIRIJl 8TRAIN& liSIZD FOR PJtCIDUCnc>1lf OJ' TAIL 
LESIONS. 

3.2..1 C9PCDbaemVAX3Hl M21tcrAd M 
The Copenha11en str.un or Ytrua was onglnally sent to USAMRIID by~ 

!'aoletU With very lltUe passage hl8(ory other than this was the vtrus that appattntly 
served as the parent for the r«0mb1n.ant rabies vaccinia vace1ne. At USAMRDD. the 
was a plaque cloned by a procedure lnvoh1ng .llltnatlcn 8Jld I0111icaUon. The 3 

1
Evalualion or anliYinl compounds by SIJllllfflSlon of llil lesions ill V1Ceini1-io1rec~ mice. Boyle. JJ, 

IWf, RI. S~wan. R.C, (1966) Aniunic:robial Agenll 111d Cllcmochenpy, 5~.539) 

. i ' 
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<l, stgnauon meii!....-,S 3 times plaque cloned and the H lLnc l.11 one ol 10 separate plaques 
1h:11 were cam~ through the process and the Jlnnl 1 In tht deslgllaUon means th:.t It 
was the first of dup!Jcate plaques picked on the Qnal passage. Thl3 particular plaque 
clone w:is selecte:! quite arbltranly but was among the highest Utcn:d of the plaq• 1cs 
tesled :II USA.\ffJIO. It was also shown to be free of what was onglllally though to be 
variable tennlnl on a restriction fragment which suggested the Yin.la was Indeed 
pl:.qu~ cloned. At Yale. this strain was dwlgnated aa 3PP. 

3 2 2 IJstcr YAX 3P 1 Maser Pd 86, 

Thts virus WllS de!"lved from Utt CoMaught strain of wcdn1a. It IS the master 
~~d for Co=ught's :smallpox vaccine which wa, purchased by Col BarquL,t a few 
years ago and was originally derived from the New York Board of Health Strain. This 
virus was .i>laque cloned at USAMRIID u descrtbcd above anci was grown to mallter 
seed levels l3MRC-5) at the Salk lnstJtute to 8C1YC as a tnaSter aced fm- a new and 
Improved smallpox vaccine that USAMRl!D :s plannJng to make. It will also serve as 
the parent for USAMRl!D':. recombinant wce1ncs. It IS dcslgnated white plaque to 
dlJJ'crent It from the virus de~:ibcd bel.iw. At Yale, thlS alr.lln was designated as 
Lister. 

2MRC5 3 2 3 Y?a:lnia vtaa, P1asrnld 9 J 1 IK P Conn3El Blue 1621.as: Z PP7 

Tlu.s virus ls klentlcal to the one described above (Conn 3EU but USAM!WD 
Inserted the Lac Z gene coding for beta-galactOSlda.se Into the thymldJne kinase gene. 
They used a plasmld called 9.1 and the beta-gal gene ls under the control of the 
vaccl.nla 11 K promoter. It was plaque cloned 7 tllnes In the selectllm and went 
through 2 MRCS pas.,es t > bulld the seed. It wu thought to be of reduced Y1n11mc:e 
because oC the absence ol a £uncUonal 'TK gene. At Yale, this 8llaln '11/U designated as 
Pl;;smid. 

324 VAXWT,D;gy3MRC5snrt87 

This IS an old lab strain known a.s WR and la called at USAMRllD W.T. for wtld 
type. It was obtained Crom Shu Lok Hu when he was at Molecular Genetic$, Inc. and 
there IS no passage hlstoiy other than It has a lUstory oC passage In mouse brain tJssue 
to select for mouse neurovaulence. USAMRIID haa shown 1t to be mo~ mouse 
neurov1rJlcnt than an,y other str.un al vacdnla vuua which hu been handled there. 
At Yale. thl.s strain WU des~ted aa Wlld Type. 

S.S VACCINIA VIRUS TAIL LESION& AND VACCINIA \IDW8 STllAINS. 

Each of 5 virus a.traJns was grown In Vero cells and titrated by plaque fonnatton. The 
lowest plaque titer wu obtained wtth the W1Id type (398 PFU/0.l mis), the hlpe:st W1tb 
the Copenhagen atraln (S.,0,957 PFU/0, l mlaJ, The plasmld and 3PP stJalns bad 
ldenUcal plaque Uters, 25,199 PFU/0. l 1111:s. Mice wen: lnoculat.!d with the Jowat 
possible dose. 398 PFU ol each atnun. Lcsklm ~ counted. The WIid type was the 
most v1rulcnt strain rcqu111ng only 9 P1'U to produce a lesion. The Uster, 3PP. and 
C1penhagen w.:re the nm m11re '111Nlent In tliat order With 66, 284. and 995 PFU, 
rcsp~ly. ffl(ulred to produce lesions. 11ie plaamld strain did not produce lea1ons 
wtth this lnOculum dl!SC trable 9AI. 

The eiq>erlment was repeated u!llng the mmnwn number of PFUa ror each virus as 
lnoculum. The results were generally almllar. The most virulent vtrus strain wu the 
wtld type which requJred only 9 PFU to produce 11 tall leelon. The I.later, Copenhagen 
and Plasmid strallul were the llext most Virulent In that order ~qulr1ng 249, 7,336, 
and 17,942 PFU. rtspeclMly. to produce a alJlg)e lesion. USlng a hlgh vtnui dose 
lnoculum, the 3PP strain required 62,797 PFU to produce a lesion trable 9B) • 

15 

I 

/ 

r 
/ 

I 

/ .,{ 
; 



• 

/ 

On the ba$IS of these expcrunents. a dcclSlon was made to conduct future tcsts With the 
Copcn.'1ag~n strain since It was of lntennedlate virulence In the mouse tall lesion 
model. 

3.4 CORJt!UTION BE'n'EEN VIR1IS DOSE AND TAIL .LESIONS. 

One of the Ont needs was to establish whether there a linear rclaUonshlp emitcd 
between virus dose and Ille ncmber of tall lesions In vaccinia vtrus lnte<:ted mice. fn 
addlUon. we wanted to deltnnJne the rclaUo11$hlp between mouse vtndence and lesion 
ConnaUon. A stock of the Copenhage str.lln of tacclnla was pttp~d and UIJ'ated In 
Infant mice. The LDso Uter In Infant mice was over 2 logs lower than the PFU t!tcr. 
Oduuons of UUs Copenhagen vtrus stock was lnocufa.ted Into groupa of twenty !Dice 
for each dlluUon. The co~laUon (~I between le~ons In DMEM-tleated m1ee and 
l.050 wus dose was 0.9 IF'l,iurc 3A). A second utraUon was done ua!ng I.he PFU Uter ;!S 
a basis ror vtrus dilutions. the data sh~ that 3700 PFUs were ffi!ulJ'cd to p?Qduce a 
single tall lcston. 'ine coml11Uon coclllck:nt was o.e lf"tgure 3B). Thb Is In virtual 
agreeme1;t with the observauons from the lnlllal aet of exper1nlents reported above. 
Passage tn Int ant mouse ussuc had not. altered thts pn,p !rty or the Copenhagen vtrus 
stock. 

These data also show that the vtrus dose range with the least var1a~n was that dose 
whleh produced between 16 and 25 le.tloll$ per mouse. That fonnat for dn.ig studies was 
adopted using a minimum of 20 mice pa group. The number of mk:c used per IIJ'OUP 
was dependent upon the amount of drug wbleh could be provtded. In 110me cases, that 
amount was htg:iJy variable. In no case were fewer than 20 mice used. 

3.lll CORRELATIOKBEJW.f.E.h VACCINIA VIR1J8 TAILll!:810N8MG> llolOtJU 
STRAIN, 

Thro Inbred mouse strains. BI\LB/C and NU/N'J. an.J two r..mdom bred mouse strains 
CF• I and CD• l were Inoculated wtth the Copcnm,.gen SU1l1n or vacclnla virus. Lesions 
were counted Immediately ana- fonnauon (daya 6-1) and later Just before the lesions 
were resolved (days 8-101 depending upon the tndMdual mou.,e ltraltl. The vanauon 
about the mean nwnber of lesions depended upon the U:a,e of countmg (Flgure.s 4A and 
4B). However. the dl1Teffl1Cea obsenecf 11mong mouse atraJns were not eone111tent aJld 
were not staUst1cally a(gnlllcant (Tables 10). Neither dld the day of counUng lesions 
(early uersus later) Jll8ke a ataUsUc.tlly algnlJlcant dl!fcrence tor any alngle niouae 
strain, alth,;;ugh the data for the CD l str.a1n might be worth esplonng further. ff able 
10). T 

In the protocol for the drug studies, the declalon was made to count lesions d,11ly until 
the leSlona n:solved and to COdlpare results between coatrol.s and drug-treated anlmals 
on a dally basis. 

M • :;; ININU PORA i'06liiY& COri i&OL DRIJO. 

Several variables had been rtsolved. We could produce IC9lans ID a vartety at mome 
strains: a vuus strain of lntennedlate vtrua vttulence was c:lulsen for acreenlDg. The 
major unresolved question was whether the lall leslona could be lllhfl>1ted by drug 
tnabnent. The first drug screened was :1bavt.'1n. It was not ell'ec:tlve 1n lnh1butng tall 
lesions at doses under 250 mg/kg. However. It was llgnll)cantly dl'ecuve at 250 mg/kg 
(Flgure 5 ~ Table 111. 

A second drug. uaACcodcd aaAVS 1752 J. was al&! 8CftellCd. It wu ~ d'ecUve 
than rlbavlrln CA VS 11 1n that less drug lmg/kg) wu requln!d t(; product a slgnllkant 
reducuon In the number of tall lesions (Figure 6 a: Table 12). 
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3.7 RESULTS OP' DRUG TESTS IN TBE VACCINIA 'VIR.1JS TAIL tESJOH 

MODEL. 

Dn.igs were !ICnenrd using a starting dn,g dose oC200 mg/kg and YBl)lll1II Ylrus d05CS 
wtthtn the r-.;ngc descn~d above. The caec0ve drugs would then be retested using 
varying dos.cs of drug. That was the nsearch protocol. 

The results of our fir.st two drug tests arc given In Tables 13 and 14. \IR scores <M:r 1.0 
were obsen·~d ,,, some cases where the dill'crences In number or lr,sons between drug­
treated and placebo-treated nUcc ~re no, statlstJcally slgnUlcant by paired t-test. 
One reason for the discrepancy Iles In the vanauon about the mean number or lessons. 
WbC'n vartauon about the mcana 1s large. 1, dlmln!shC'S t.'te slglll!lcante of the 
difference between mean valuca In clrug-tr,,atcd and placebo-tmtted arumab. S~Jch 
var1auon IS Inherent In this teat system In our hands and In the ha'lda of otheni. For 
thJs l\!aSOn, both the VR score and the staUsUcal test (t-testl resulb - glVell. 

The data with AVS 17S2 showed th::il drug e1!1.cacy varied 1aectly wtth both drug 
dosage and vtrus dose, aa detcmuned by the mean number or contn>1 les1ons. The 
greater the drug d~. the higher the VR score. At any given drug dose, the lower the 
virus do:1e. the higher !he VR score (l'able 131. 

3.8 CORRF.1.ATtON BEJ WEEN T.AIL L2SIONS AND l401JSE W!:rGln' • AGE. 

One drull • A~ 3679. ~ speclaJ attenUon because our test RSI.Ills at 200 mg/kg 
did not demonstrate drug actMty trable 14}. Several variables were posed which 
llllgt,1 account for a dlsc:repa.icy betwecr. our tat results and lhose ct oth~. Among 
them was wtlght and age of the mouse and drug dlli!e. Mouse W\!lght l\lld age had nu 
b<:cn explored In our prior tests so we txamlned that vanable as well as teatlng at a 
higher dose. 

Tall lesions were counted In 3-4 week-old ll9.5111g5) and 10 week-old 134.6gmsl CD-1 
mice rrable 15), Although 1110re tall lesions developed using younger mice, the 
dlD'-.rences were not staUstlcally Slgnlllcant (p=0.28 by p~d I-test), While weight 
made little dlll"erence In the outcome of the drug tests with AVS 3679, the drug doaage 
was c:rltlcal. At 300 mg/Jee, there wu a aJgnlflcant rtducuon ID the number or tall 
lesions as detcmwie< I by both VR !!CMS and t-teat. P'able 161 

3.9 COMPARISON or rme.u::r AMONG .ADEN081NE N'-OJ'JDPS 

the pan:nt drug, 1985, adr.nosrne n'-oiade and aeveraJ analogue,i - also retested at 
300 mg/kg.: 2!U 1. 3607. 3679 and 4224. The order or emcacy, fr'CIID mast poter.t to 
least. w.r.u 4224. 1985. 3679. and 3807, and 2911 at 300mg/lrg (l'able 181. The analogue 
4224 Is also IIIOl'e potent Uum the parcnt and other analogues at lowtr drug doee levels 
!200 mg/kg) as Miown pn!Yloualy In Tables 13 and 14. 'ffie colftlatlOQ with tuisue 
culture results as we have n,cdved them a.11 aa follows: 

AVS , 'VR ran,e 111 lbsue eultun: VR In till lesion model 
(nnp sl.•• in ......... Neffled (nnp "' ...... of .. , .... 

11\'ola) .... , 
1985 3.4->7.2 0.98-2.26 
2911 >l,9->2,1 1.07•1,6 
~ >2,4,>2,7 1.21-1.47 
3679 2.8-3.3 O.SO.l.96 
4224 >2.6-2.8 2.52-3.55 

COMl'OUNDS OI'HER 1HAN SECRISf 1985 ANAU>GUES 
1752 WV.Al O.B-1.4 0.86-3.70 

001 IRIBAVIRJN) ao intonnllion received 0.70-2.04 
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FIGURE LEGENDS 

FtGURJt l, STAINED VACCINIA TAIL l.ESJON8 tl'OPI 

Photograph of leSlons afl.e: stalnll!g the taJl or a rand0111 bred white mouse 
wtth a 11Wtturc of Iluoresce1n and methylene blue. The mouse had been given vaccln.La 
virus (Copenhagen atJalnl eight clays earlier. 

l'JGURE 2. STAJNED VACCll'IL\ TAIL U:SIUffll llOTTOIQ 

Photograph or a cWl'ermt mouse from the same ln.Jculated groupbeartng 
lesions after stalnlng the tail or the mouse as deacrtbed above. This mouse was 
lllOculated with the 1:1me dose of the same strain ol virus • The photograph was made 
on the elght day after lnOculaUon and has been presented to show the 11111alvanat1on 
In lesion count among Infected lldce. 
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! , TABLE 9A. VACCINIA STRAINS AND TAD. LESIONS 

• ' r:SSTRAIN VlRIJS Til'ZF, Pl"U'S L.&610,'9 Pl'U/1.ESION [Ptu'S/0. l) INOCULA'IZD (MEAN) 

W!"'..ofuE :J!i!J 398 4'j 9 
USTF.P 3.981 398 6 66 • 3PP 25.119 398 1.4 284 
COPENHAGEN 6.'.l0.957 398 0.4 995 _I PLASMID 25.ll9 398 0.0 -

• 

• 
TABLE 9B, VACCINIA STRAINS AND TAD. LESIONS 

VlRUS ST.RAIN vrRtJS •lTER PFUo N8 P.,,./......,ION • • 1?'11J'S/0,l) INOC1lLJ\TEb !!!!!":I -Willii'YPE - 396 598 "6 9 
USTER 3,981 3,981 16 249 

I COPENHAGEN 630,957 630,957 86 1.336 
PLASMID 25.119 25,119 1,4 17.942 
3PP 25,119 25.119 0.4 62,797 
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t1be Virus stralJ1 uaed :a Copenhagen. nu: PFU Uter WB.'l cktermmed In Vero cells. 
Note that over 3700 PFU's are requlrl'ld wtth the Copenhagen strain before a lln,,.1Je tall 
le:slon fa obseivc.'CI. nus ts cons1aten" wUb earlier dat11 which showed that bnweeo 
lOOO al1CI 7000 PFU'S - ffil'.:l."td t\l Dlllduce a single tall leelOn with the 
Copenhager. a:ram of Vacelnla • 
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PIGURZ <GA. UFECr OF 116/l!l AND lllOUSlt 81'1tAJN' ON IIZVELOPMENT ON TAIL 
t.ESIONS IN VACCINIA VIRUS IN!'ECJED MlCZl EARLY LESJON C:OIJNTS 
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nGt."RE 4B. Ell ECr or TIMZ AND 11,f(ltJSE ST1tAIN ON l>rm.()PMENT ON TAD, 
LESIONS IN VACCINIA VIRUS INJIIX.IEb IDCZ: lA"m U:SION COllNTS 
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1'.IIBLE 10. STA1'1SnCAL SlGND'ICANCE CW DDIERM\ZS 11'1' TAIL I ISU>N 
comrrs n,r er EC ,w -O'IJU 8TRAJMI INnlCTZD 1ffl'B VACCJNJA VIRU8 

TAIL LESIONS AFTER VACCINIA VIRUS (KOPPI STRAIN) INFECTION OF S&L&CT&D 
MOUSII Stt>DII 

IIIOIJS&STUIN 
, ..... l•TNI ~- -tail 

Mows lftAINI 
IALI/C cr.1 NU/NU C D0 I -DAY It DAY It DAY It DAY 10 

IALI/C 
DAY 7 0.30 0.12 0.37 0.07 
c, . • 

DAY 7 0.90 0.17 0.,2 0.21 
NU/NU 
DAY 7 0.61 0.70 0.39 0,43 
CD I 

DAY 6 0.66 0.10 0.92 0.06 
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nauu: 11. .u,wr OP lUBAVIRllf ON TAD, tzSIONS APTER VACCINL\ vm.~ 
INI l!CtlON, ....... ___ ,_Lalala ........... .. ............ ~--------~-__,, 

. .. 
" . I 

HHH HMM ,t .. ---
The Ukr ol the Kopp,t \"JU$ •~Jc ll9Cd In Ibis ~t wu lo'·'i.n,o "'""""' -lie!. -n-i,.,. • 
dllu-ol I/SI0.2t1 •~•u--oOOOOID,o; •"""-" 0.1011/ICl!lo_..,.,.800 LJ»>: 1/20 
l().0:11• 2/JOLD» 1/4010.0lSI • 1251.D50' I/IOOIO.Oll•l!0LD,o: J/IOOOIO.COII • 51.D» 

I 
I , 
I . 

• • " .. ff .... " .. ._.... ..... ..... 
The lil"I' O( !he ICoppo YiNa l!Ock UMd in dlil .. por1mon1 WII ICJ1'ui,o •--'4 --•-4'1/! 
C0.20) 11..,.. ....... , __ .c,oocu~ ·-" 0-l~Cl/lO)lo ....... - .. ., ~ Int IQQl)•:1!111.Dso; ,,.,.,l!UIU)• 
12SU,,. 11100(0.01~501.D!o: l/1000(0.CIOl)•j~ 

TABLE II, EFFECT OIF .RIBAVIRJN (:ZSG MG/KG) ON TAJL LESlONS IN VACC1NJA YlltlJS 
KOPPE STRAIN INFt:CTJ;D MICE: STATISTICAL ANALYSIS' 

VIRUS DOSE LDSG'SI PAIRED T VALt/1! PROB, 2-TAIL 

1000 
500 
2,0 

21.19' 
1.705 
3.246 

.... u 
0.1163 
0.0176 

TAIU: U. lnlC1 OJ AVS 1752 ON TAIL LISJONS IN VACONIA VIJIIIS (JtOIPI! 
STRAIN Jtl LDS••s INFl!CJl!D MICE1 Srt.TlfflCAL ANALYSIS 

n::D::Rllr;:G;;--,,C,,;9::::N::,;C-:;;ENT:;l;\'IR:".:AO.::T;;IO:;:N T VALUE PROBABILITY 

2.115 
3,047 

•. u 
••• :a 
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TABlZ lS. DiWO DnCACYREJ'OJm VACCINIA VIRlJS IN•rm: TAIL LE8J01' 
w,rn. IJ::3/\)0 

AVS# 

1752 
1752 

1752 
17.52 

0001 
0001 
0001 

2911 

4224 

oi::uG 
OOSEt 

(MG/KG) 

100 
so 

100 
so 

2.50 
250 
2.50 

200 

200 

COITTROL DRUG 
MEAN MEAN 

LESIONSt LESIOSSt 

4.504 
4.504 

2.578 
2.578 

5.622 
2.994 
2.215 

1.746 

1.746 

. 
1.216 
5.247 

1.666 
2.128 

. 
4.416 
3.17.5 
3.162 

1.629 

. 
0.683 

VR 

CONTROL 
• 

DRUO 

. 
3. 70 
0.86 

. 
1.5~ 
1.11 

. 
1.17 
0.94 
0. 70 

. 
1.56 

p 
(T-lEST 
PAIRED 

ONE-
TAD..) 

0 .01 
0.34 

• 
0.34 
0.48 

• 
0.06 
0.42 
0.17 

0.4.5 

----------------------
tFlve doaes al dn,c were pen, bqpnnlrla two days bd'cn '1rua lnoculaUon and 
conunu~ for three day aftervtrua lnoculaUDn. lesnw -me counted on day 10. 
Drup we~ IM'l1 Ip. 

tWhCR the mean nuinber aCleslona Is equal to the avtnge flf ,'ill'where X-111 the 
numberflflelb'I J)erlllOIIN, l!YAWATIONO,AN11V1RALCXJMl'OUMDSRYSUPPltaSSIONOPTAIL 
LESIONS IN VM.'CINIA-DIF£CTED MIC& llOYLI!, JJ, HAfF, U. mwA11T, 1t.C.. (19'6) ANl1MICR081A1. 
AOENTJANDCHDContEllAPY, '""5391 Tile -.trua nttna (w, la• ratio aCUw COillbol GVff 
dn,c-tnated. 
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TABI.E 1', DRUQ EPTJCAC'f REN)Jtn VACCJNIA VIRUS IN 'l'BZ TAIL LE&ION 
Ml1'l'7 • 1/24/90 

CONlROL DRUG VR p 
DRUG MEAN MEAN (T-'IEST 

AVS# OOSEt LESIONSf LESION:if COlffltOL PAIRED 
• ONE-

(MG/KG) DRUO TAil..) 
I 
1985 200 4.56 2.96 

. 
1.54 0.17 

3607 200 4 .56 3.10 
. 

1.47 0.21 

. • 3679 200 l.77 2.94 G.60 0.06 

TFi" dollei or c1ru, w ... ei•m. 1>esimin1 "'° dlys befON vuua inoc,,Jlliffl w con,i,,ui,,i tor 111,ee day .ri.r 
•irua i111><Ul1lion.l.,$i..,. .,.,. co,mlal an day 10. D ·"I' wa,, 1i•cn ip. 

tWlirrt ........ ,11,1n .... ollsions ii "1"1100 o,, ----... r S"'-xa Ul 11\t ~·"·'°" por 
mouse. The •tinat ~ (VI) ia • nlio of ll>t """"°I "'er lhs.-....1. 

T."BLE US.MOUSE WEIGHT AND TAD, LESIONS IN TBE VACCINIA 
vmus MODEL AT FOUR VIRUS DOSES. 

,--"l'ftl"llA"tl"'-""""1' A !l'T'lt"'T'I! 

LESIONS (19.5 (34.6 crams) 
crams) 
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AVS# 

CONTROL DRUG VR 
DRUG MF.AN MEAN 
DOSE t LESIONSJ l.ESIONSt CO!ffllOL 

300 

300 

300 

6.165 

6.165 

6.165 

1.739 

4.922 

3.923 

+ 
DRliO 

3.55 

1.15 

1.57 

p 
('r•TEST 
PAIRED 

'IWO­
TAll.) 

0.0001 

0.1119 

D.008'7 

'Sevl!n doses of drug -re given.~ one day before vuus lnoculauon and 
continuing for ftve days after vuus IDDCulauon. 
.. five doses or drug were~ beglnnlllg two da)llll before Virus lnoculauon and 
conUnuJ.ng for thn!e day a.Iler 'Virus lnoculaUon • 
... Eight doses or drug ~n: given, beginning one day bc:Con: vlnl91noculatl0n and 
conUnutng for 6 days a.Ila vmia lnoculauon. 
tWhere the mean number oCleslons b equal to the~ or 'iil[where x& la the 
number of leston per mou!IC. 1be Virus rating (YR) i, a rauo of the control over drug­
cnated. Leslom ~ counted on day 10. Drugs ~ pm Ip. 
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SEt.""TION FOUR: NONHUMA.~ PRIMATE PROTOCOL 

A protocol was prepared in this l~boratory for testing oC an lmmunamodulator. 
Qulnollnarn1nc • AVS 1018. In che )Cllow fever pnmate model described 1n earlier 
yc:IZ'S. The actual tesUng was delayed since lmportcc:'. Cynomolgous monkeys were 
Impounded b~ause of a potcntl.11 outbruk of Ebola vtrus In these animals a.s Judged 
by scnx:onverston or laboratory animal workers ln another laboratory. TI1c prcp;ired 
protocol follows below. 

NONHUMAN PRIMATE PROTOCOL 

IlllA: Evalua1ton ol lhe Eltectiveness ol Oulnollnamlne free base AVS t 018 (R-837 
(8·26308)) Against Yellow Fever Virus lnlectlon In Monkeys 

Department: 

Division: 

Studv DI rector: 

1avest1a11or1: 

Personnel: 
Animal Caretaker: 

Mtnaa,rnent Pata; 

Yale University School ol Medicine: Department of 
Epidemiology and Pubiic Heallh 

Vale Art>ovlrus Res11arch Unil 

Dr. Gregory H. Tignor, Yale School of Medicine 
Dr. M, l<ende, USAMRIID, Consukanl 

Dr. Rebert E. Shope 
Dr. Felsna Zhao 
Mr, Ruben Cedeno 
Ms Susan Morgenslern 

lnliiatlon Dale: May 20, 1990 (Day • t) 
Termination [late: June 11, 1990 (Dav 21 I 

Aeearc:h Cnracl No. 

~di Qmract lltle: 

Profect No: 

DAMO17•86·C·6042 

Drug Devalopmenl Against Viral Diseases 

AVS 1018 (Continuation) 

Lab Notebook No: Antlvlral Drug Studies: Primates (AVS 1018) 

Location: Rooms 600 and aooe. Laboralory of Epidemiology ano 
Public Heallh, Vale University School of Medicine 
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Backt.;[QUDd! 
AVS 1018 [R-837 (S-26308)) , Is provided by 3M Riker, 3M 

Health Care Group, S1. Paul, MN The rationale for use or this dNQ In primate tes1s 
with yellow fever virus Is as IQllows. 

Besvlls lo prima!&$. This drug has been shown to be an Immune 
response modifier, The ~.ubcutaneous toxic dose In monkeys (cynomolgous) Is S-6 
mg/l<g. On oral adminisl tatlon, lhe to~lc dose Is >200 mg/l<g 2. 

Aesu)Js to lbe g,:1oen pig rnooel- AVS 101a has been shown 10 
nava modest In vitro and In vivo activily agaJns1 guinea pig CMV perhaps due to 
ln1erleron induction 3_ and to Inhibit primary In vivo genital herpes"· AVS 1018 was 
protective against HSV-2 disease in vivo appparenlly by vlnua of Its Immune up­
regulating capacily resultlng In enhanced cytoklne production and cell-mediated 
immune responses in guinea pigs . 

Alter lnlravaginal admlnl~tratlon of a 1% suspension of AVS 
1018-837 (SO µV1 00g) to guinea pigs for Rve days, every 12 hours, beginning 12 
hours alt11r genital HSV-2 lnocula11on, vagina! virus repllcatlon was slgnlflcantly 
reduc~ as compared 10 controls (P<0.0001 ). Treatment protected agalnsl primary 
disease,. and reduced recurrent genital HSV disease. La1enI HSV,2 was not recovered 
from neural !Issues of IreaIed animals whereas lhere was an 83% recovery rate In 
ptacabc-lreated recipients (P• 0.01 S, Fisher Exact Test). Side affects of drug­
treatment Included mild fever, weight IOss, and decreased watr.r Intake. 

lmmunologlcally, lhere was Immediate Interferon production, 
variacle enhancement of ellher early or later cy.olysls of HSV-2 targets. and early 
Induction of HSV-2 Induced PBMC proPferatlon and IL-2 production, ELISA and ADCC 
antibody were ptO<fuced later and II lower leva!s5• In some AVS 1018•1reated anlmals, 
HSV-2 replieatlon was stopped sc, atm.,~ that no memory dependent Immune 
func1Jon1 resulted. 

Besufb lo Ibo D)QU$& mndgt Plolectlon studies wlth I soluble HCI 
salt of the AVS 1018 In mice (CD-t strain) showed th11 three drug doses (12.S 
mg/ltg) given sutx:utaneously on days 1, 6, and 11 after lnfeclfon protected 76% of 

:lfe?llOnal communJcaUon from T. Monath, USAMRIJD • 

Jchen. M., Gnlllth. B.P .. Luda, H.L, and lbuJJ!C. G.D. (1988) Antlmlcnlb. Agenta 
ChenlOther. 32, 678-683. 

4Mlller, R.L.. llnbenton, L.M., Retter, M.J. Sch'll'Ut2mlller, D.S .. Pecore. S.E. and 
Gerster. J.F, 11985) Inlllblllon of herpes .iznpla Y1rus ln!ecuon. In a guinea PIC mo.Id 
by S-26308. In: Program and Abetrac:ts of the 25th Intenc/ence Conference on 
Antimicrobial Agents and Chemotherapy, American Society for MICrobkllogy, 
Mlnneapoll.S, Minnesota. 

5Han1so11. C.J •• Jensld. L. Voychehovakt, T .. and Berstein, D.I. AntMr.11 Raearch, 10 
(1988} 209-224 • 
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CD· 1 mice from Rlfl Valley fever virus (RVFV) challenge (2SOPFU's)6. Oral 
administra1ion of 12.S or 25 mg/kg doses was less effective. Viremfa could not be 
deteCled In mice treated subcutaneously or orally With 12.5 mg/kg on days 1, 4, 10, 
and 13. liver function enzymes and bilirublr, values were elevated In RVFV-lnlected 
mice, but not in inlected mice treated With 12.S mg/kg of drug on days 1, 4, 10, and 
13. 

Three different oral vehicles whfeh sofubllized lhe free base or 
AVS 1018 were tested for <'fficacy in the RVFV mouse model. Ofeie acid may have had a 
detrimental effect as. a vehlcle or lhe compound's solubility was not 0P1lma1 In that 
vehiele. lactic acid appearell 10 be suitable for both oral and subcutaneous 
administration because 68% and 54% raspee1lvely of treated mice survived following a 
dose of 12.S mg/kg. AVS 1018 efficacy was increased when Iha lfee base was 
solubilized In 5% Tween-80. Oral admlnislralfon of 12 or 6 mg/kg yielded 82 and 
50% sur.,ivors respectively compared lo 69 and 33% re.:pectlvely with Iha HCI sa117. 

purpose: To assess the antlviral efficacy of AVS 1018 (1•1sobutvl•1H-lmadazo 
[4,5-c:) quinolin-4 amine) against yellow fever virus (VF). 

Hyppth e;sJs: Quinolinamine therapy will inhibit VF virus replication In vlv.:,. 

g bfectl YI I~ 
1.0 To evaluate the an11viral efficacy of AVS 1 D18 uslno variable 

parameters of survival time and virus 1lter. 

2.0 To obtain hematological, liver and renal function biochemical 
analysis In Iha lrnated and nontreated monkevs during VF virus lnfedlon. 

3. O To obtain evidence of lmmunologfcal enhancement after drug 
treatment by measuring speclllc parame1ers or Immune function In Infected animals 
which are lrealed or mock-treated • 

6Kc:nde, M .• Lupton. H.w .. and Canonico, P.O. 'n'eatment of ex,;,e:illlld'ltal Vl1'U!I 
lnfectla119 With lml::ounomDdlllatora. ~ In the BJo9Clencea. 55:51•63. 1988. 
7Kmde. M .. RIii. W .L., CGntm, M.J .• and Canonico, P.O. mlcacy GC a novel orally 
active lmmunomodulator, S·26308. agaJnat arbovtrus Infection. AntMral Reaeudl 
9:88, 1988. 
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Mat1r1at1 IDd Netboda· 

1. Animals Oest model>i 

Ten heallhy Ebola virus-free cynomofgous monkeys will be used for !he 
study. Animals will be used only If they are free or HI antibodies to VF, dengue 1,2,3,4, 
and SLE virus and neutrallzlng antibodies IO VF, Zika, WN, JE and Sepik viruses Young 
adufl mar.keys will be used. The age will be verified by denditlon. The monkeys should 
weigh 2-3 kg. The monkeys wlll be idantifted by chest tattoo and caged in appropriately 
marlled squeeze cages In a blologlcal containment laboraI0,y. They wlll be led twice 
daily (Purina Monkey Chow) and allowed waler ad ljhllym This diet wlll be 
supplemented wUh fresh fruit. General animal care will be In accordance wilh 
University Guidelines for Care of Nonhuman Primates as outlfned In approved protocol 
#4804 filed with Yale Un!Yerslly's Anlmal Care and Use Committee. The animal 
supplier will be the approved source, Charles River Primates, as arranged by the Yale 
University Division of Animal Care. Loi numbers of monke)' chow used will be recorded 
during Iha course of the study. 

2. Enviconmentar control~ 

The animal rooms will be lighted with ffuorescent llghlt and maintained 
on a 12-hr diurnal cycle. Room temperature and humldily will be regulated lo 75°F 
and 50% respecllvely lo avoid extreme lluctuallons. Anlmal tooms and cages will be 
deaned and sani1i1ed prior to use. Cages wiff be deaned once a day. 

3. test anlRe IAYS 10111 end control artier,, <Khmel~ 

Powered Oulnollnamlne (AVS 1018) will be used In this study. The 
compound Is synthesized by 3M Riker, 3M Hea/lh Care Group, SI. Paul, MN. The 
compound will be dlsso!ved In 2% Klucel to a 00ncen1ra11on of 100 ml)lko, The drug 
wm be prepared fresh daily. The compound will be given by oral Intubation according 
10 recommendation of the m,nufactutera. An lnllial dose of 20 mg/kg will be given on 
da'/ • 1 followed by dose Of 10 mg.4cg on day O and other da)'s as deacrlbed below. A 
sample of Iha administered drug will be saved to give the suppler an oppor1un11y to 
verify the drug concentration. The lest arlfctea, the vehfcle, and 111e prepared solution 
will be stored In Iha relrlgtrator lo minimize exposure to light and maintain the 
slablllty and sterlllty of tlle test arllcle and the prepared so!utlons. Drug win be used 
within 30 minutes of pteparalfOn. 

4.~ 

VF vlru1, slraln Aslbl, was orfOlnally lsolattd from a 28 year-old male 
In l.agos and has been malnla/nlld In lhesus monkeys wldl an oc:cuion-I pe,s•ge trf A. 
aegypll. In expe,tments wllh cynomolgous monkeys, three of tour monkeys Inoculated 
with Aslbl virus lrom monkey 1225 ded on days 3, 4, and S. The seed virus Is the &th 
rhesus monkey and 1st mosquito passage. 1000 PFU In 0.2 mis wlll be administered 
l.m. In the forearm. This dose Is usu&!ly lethal 1o c:ynomolgous monkeys In 3-5 days. 

s. Emedmenr,1 Design~ 

a. Monkeys will be assigned lo one of three experimental groups using a 
calculator ptogra:n lor random number generation. The monkeys wlU be welohed on 
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days -1. o, +2. +4, +6, +ll, +10, +12, +14. 

b. On day -1, five monkeys assfQned to G1oup 1 will b6 given 20 mg/kg 
of AVS 1018. On day 0, lhese monkeys wlll recaive 1000 PFU VF virus. Immediately 
after virus Inoculation, monkeys will be given 10 mg/kg of drug by oral Intubation and 
!or 7 doses !hereafter the monkeys will receive 10 mg/kg AVS 1018 by oral 
intubation. Drug will be given on day •1, 0, +2, +4, +6, +8, +10, +12, +14, 
Animal~ wm be bled 6-8 hours after drug administration al the recommendation ol the 
man ... Jcturer. 

c. On day • 1, three monkeys assigned to Group 2 wlll be given placebo. 
On day O, these monkeys will receive 1000 PFU YF virus. Immediately after virus 
Inoculation, monkeys will be given placebo by oral Intubation and for 7 doses thereafter 
the monkeys will receive placebo. Placebo will be given on day -1, O, +2, +4, +6, +8, 
+ 1 O, + 12, + 14. The placebo Is the drug vehicle: 2% Klucel. 

d. On day • 1, IWO monkeys assigned to Group 3 wlll ba given 20 mglk11 
of AVS 1018. On day o, these monkeys will be given 10 mg/kg of drug by oral 
Intubation and for 7 doses I hereafter the monkeys will receive 1 o mg/kg AVS 1018 by 
oral intubalion. Drug in Klucel (2%} will be given on day • 1. o, +2, • 4, +6, +8, 
i-10, +12, +14. 

e. All monkeys Will be sedaled with 0.1 ml of a mixture ol equal par1s ol 
l<elamlne HCL (100mg/ml) and atropine sullate (11120 Gr) Injected l.m. Into lhe 
muscle masses of either hind leg to facilitate bleedings. Nine mis ol blood will be drawn 
wilh needle and syringe on the following days: -3, •1, O, 1, 2, 3, 4, S, 6, 7, 8, 10, 
12, 14 and 20. The blood wlll b& divided as outlined In f, g, h and I. The 11xperimen1a1 
protocol ls summarized In the following char1. 

Group 
designation 

1 

2 

3 

TREATMENT SCHEDULE FOR AVS 1018 

Number. ol YF virus Day 
monkeys 0 

Five + 

Three + 

Two 

Treatment 

Drug 

Placebo 

Drua 

Bleedlngs on 
day 

·3,•1 ,0, 1,2, 
3,45,6,7,8, 

1 o. 12, 
14 20 

+ 

• 
• 

I. O.S ml allquols ol blood for hematology on days -3,· 1, o, 1, 2, 3, 
4, 5, 6, 7, 9, 10, 12, 14 and 20 wlll be placed In I NUNC brand lube containing EDTA 
{0.1ml of 10% EDTA In waler; the final concen1111tlon ot EDTA after addition ol blood Is 
1,67%.}. Samples will be sent on wet Ice on the day drawn by Ftd8fll Express courier 
to USAMRIID. The rollowlng detennlnallons WIii be done: IOtal ABC, llematocrit, mean 
COfPuscular volume (MCV), mean corpuscular hemoolobln (MCHI, mean corpuscular 
l'lamoglobln concentration (MCHC), re1lculocy1e count, platelet count, 10111 and 
differential leukocy1e counis. Hemalologlc analysls wlll be conducted~ tilt Clinical 
Laboratory In Iha hot suite al USAMRIIO. 

I 

31 



• 

"' 

I 

g. 0.5 ml aliquots ol plasma will be held on dry Ice for shipment by 
Fed'lral E.•press to USAMRIID on days •3,·1, O, 1, 2, 3, 4, S, 6, 7, 8, 10, 12. 14 and 
20. One ml. ol whole blood will be pu1 In a slllcone coated NUNC brand tube contalnlno 
0.05 ml of Na-citrate (3.8% (O. 129M) In buffered citrate solution (16.0 mg 
Na3Cltrate·2H20 and 2.1 mg. Citric Acld·1 H20). Alter centrifugation, the plasma will 
be frozen In a dry 1c,-melhanol bath. After shipment to For1 Detrlcl<, the plasma 111111 
be assaye,:l tor 1 stage prc,1hrombin, activated panlal thromboplastin time (APTI), and 
Factor VIII. 

h. 2.D mis ol whole blood will be added 10 a ciommerclally purchased 
FOP tube (Onho Diagnostic Systems) which will then be held lrozen on city Ice for 
shipment to Fott Detrick. Fibrin rlegradallon products will be determined blf the 
Clinical Laboratory In the hot suite al USAMRIID. 

I. 1.0 ml aliquots ol serum rrom apptoxlmately 3 mis 01 blood on days 
-3.-1, O, 1, 2, 3, ,. 5, 6, 7, 8, 10, 12, 14 end 20 will be frozen and held for 
shipment by Federal Express to USAMR/10. This serum, divided Imo 1w0 dlHerent 
0.5ml allquots, will be used for IL-1, IL-2, TNFa, SGOT, SGPT, Blllrubln, BUN and 
creatine assays in the hot suite at USAMRIID. 

J. 1.0 ml aliquots of serum lrom approximately 3 ml1 of blood on dalf • 
·3,•t, 0, 1, 2, 3, "· s. 6, 1, 8, 10, 12, 14 and 20 Will be held at YARU at •700C. 
Viremia will be de1e1111ined for groups 1, 2, and 3. Tha serum wilt also be assayed for 
neutrallzing antibody In tissue cullure. Serum samples drawn 6-8 hours 111!er 
adminlstrallon of drug (or placebo) on days -1, o, +2, +<C, +6, +8, + to, + 12, + 14 
will be tested ror a1p interferon In bloassay. INF-'Ydetermlnatlons wfll be dona by 
RIA. 

k. Sick animals wlll not be held fot observation but will be 
exsanguina1ed under pentabartltol sedation l.nmedlataly upon onset ol clinical signs • 
Tissues collected a1 necropsy wm be assayed for viral liters. Sample contalnt11 and 
hlstological slldes will be labeled with animal number, study numDet, lype 01 sample, 
date of 00llec1lon, and technicians Initials. 

I. Animals will be observed for general health and mortality for 20 
days. Cllnlcal observations will be reoolded In Ille raw data notebook. These data will 
be lr:lnsferred to a computer disk. Necropsy will be performed on dead monkeys as soon 
as possible and a small portion of the liver, brain, lung, hean, kidney, thymus, spleen 
and mesenterlc lymph nodes will be ln>zen lcr virus titration •nd a sample rrom these 
organs Will bo l)(eservfld In 10% buffered formalin lcr hlstolcgy. A complete record of 
1111 dead animals will ba recotded In the study notebook. Surviving monkeys wtll be 
used tor other experimental protocols or will be knled by pentabartllol lnJectlon. 
Their serum wrn be tested for antibodies 10 viral agents used In Mlghborlng animal 
holding rooms. 

m. Body weight, hematology, enzyme levels, and serum cheml1ot,y data 
will be analyzed by comparlsun of Ille groups using analysis of variance. 

. n. All p~res will be pelformed according to scandard operative 
proeedures used either at YARU on In Illa Division of Antiviral Studies. 

32 



-.----------------
• . . 

t 34 

• DISTRmcmON U3T 

5COPIES COMMANDER 
US ARMY MEDICAL RESE.-.RCH INsrmm: Of' 
INFEC't1OUS DiSEASES 
.A1TN: SORD•UIZ•M 
FORr DE'IRICK. mEDER!CK. MD 21702•501 l 

4 lCOPY COMM.ANDER 
US ARMY MEDICAL RESEARCH AND DEVELOPMEN1' 
COMMAND 
ATI'N: SGRD-RMI-S 
FORrDE'ffllCK. FREDERICK. MD 21702°5012 

f 2COPIES DEFENSE 'IECHMCAL INFORMATION CENTER 
ID11Cl 
.ATl'N: D11C·FOAC 
CAMERON STATION 
ALEXANDRIA. VA.22304-8145 

• lCOPY' DEAN 
SCHOOL OF MEDICINE 
UNIFORMED ~ERVICES UNIVERS?IY OF THE 
H£AL'ra SCIENCES 
4301 JON!S BRIOCE ROAD 
BfflfESDA, MD 20814-4799 

l COl'Y COMMANDANT 
ACADEMY OF HEAL'ra SCIENCES. US ARMY 
A'ITN: .AHS-CDM 
FORI' SAM HOUS10N. 1X 78234-8100 

4 

• 



• < ~ ' ..,, UNCI.ASSIFIED 
' 

• 

• 
·•. 

• 

• 

• 

• 

UNCLASSIFIIED 
• 

• 

• ,.. ,, 
•I 
I, 

. . 
• 
.:; 
~ 
t . 
' ., 

• 

• 

• 

• 

• 

. 
t 




