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Venezuvlan equine encepil~itis WVEE) virus was purified and concentrated by
chrortatography of tisssae culture supernatant fluids on diethiarin~.-oethyl-cellhilose
columns. Stepwise gradient clution studies indicated at broad-el idion pattern for the'
virus, with rtcve ry occurring f1 r 0.05 to 0.7.m NaCI. Opficri1 density. infectivity,
hemagglutination (HA), and, complement. fixation tCFj asisays indicated that
complete recover of input virlis in highly purif",d form was possible. Single-step-

9 celution with 0.7 si tris~ihydre.-ymethyl)amino:nethane-succinate-salt buffer resulted
in a vi--us volumne decrease (if 857;- with a concomitant increase in infectivity atid
antigenicity. Recov. ries consistently equaled or exceeded lfi06cof thvr input prepara-
tions. Additional purification of coltimn-recovered virus wa! obtained by sedi--
nientation of poolLd virns eluates on 50% sucrose cushions. Excposure of borate
salint: and 0.5'i- histidikne suspension,, of ptirified VEE virus preparations to 6XIO
r of ganinia radiation resulted in a loss of infectivity for. tissue culture and -a losg oft
lethality for weanling iind zuckiing mice. Inactivation was _., exponential~function
of the dosage. in contras! to infectivity, antigencity MHA and CE) -of both saline
and histidinc preparations waqs retained after- irradiation with doses as-high as-!6 _X
106 r. Purified and irradiated WVEE virus p~reparations have been successfully used
for routine -serolo~gical ests.and-are -being evaluated a- vaccinies~.--

Teneed for adequate- protection of laboratory obtaining V.EE virus jepai'ations -with-incr eased
personnel who haiv& contact with Venezuelan specific antigen-corizentration and mit .mal -noni-

euine encephalitis (X EE) virus has long been, -immunogenic const-ituents. -Ote-tde ~~
estblished. Early- attemipts--to s.lve this-problem- dernonstrateia aaity of micro ae-ht biAl. agents
resulted ;n the development of several-Formalin- ;killed by ionizing- raidirtion retain, greater -anti.
inactivated maccines-P' --Smhith et at, :Bad- geniciiy than:-do preparations killed by chemicals
teriol- Proc.,p. 59, 19-4 -and; mioe recently. in ot heat(6. 7. 20,,33-). 11is miethod of inactivation
one with live attentiated-virus, 3) Unfortunately, also destroys the infectivity of VEE virus while
the inactivated WEE vaccines either~ contained retainn the capacity of file virus to stimulate
residual, infectious virm (A9l or were so d ratically rntibod productiqn(2)

treaed s t cofer nauquce p~tecion(3,14) ]Th results of our investigation of nurilication
The live. attenuated vaccine, although conrerring and concentration of VEE Virus and subseuenit
good-protection in man (14). z.-juses a signifint inactivation 1wv ionizing radiation are presented
number of vaccinevs to dirplay clinical influeza in this report.
like syn.pms and- lukopenia and to mnifest
transient electrocardiogram -abnornialities (D'.~I M EHD

In attempts io-delehp a more efffective non- Virus. TheTrinidad strain of VEE virus. orisinally
viable'VEE vaccine. thi:-appbicability of two up- isolated inginea -pigs From a dorkey brain (23),.
proaches nodt previouslv tilized in conjuinction %=s used. It had been passaged 13tmes in-hio
wVas investigated: purifiva-Ction-anfd concentration emnbryos Whenr it was otained througah the courtesy
of virus by chromatography and inaciivation by f rcolauWlimPAle. oiigsed
ionizing radiation. Recent studies indicated that frheetdiseepeaed(v-ascnds Cn

= ~mouse braid passagea 0 suspensions of infectedarbovirus preparations of highi purity and con- ~ln iueban nbrt aie
cetation could be obtained by chromatography ~ v n clt eiaii.Asy

on diethaminoethyl (DEAI3).cellulose columns for irus infectivity Were perfornned by plaque titra-
(16 usadeta. acteriol. rv p. 161. tion in 24--hr chick emnbryo monolayer tissue cultures

1969). This procedure keenied approprite for arnd in 10- to 12.g %reanling Mice. Samrples of ir-

427



-0.1 m) were titrated in suckling mice for re~idua

-Assays for virus ontigenic ity were performedi by he- trations from 0-05 to 0.70 m. The eluates obtained
nagglutination (HA) nd complement fixation -(CF) from this range showed dilc. ent levels oil virus
tests by using miceifter nmethods (5 27). -HA vvas content, with- the greatest elution occurring at
tested for with goose erythrocytes at pH 5.8; the 0.05, 0,10, and 0.5 -m concentrations. Trable 2-

NatinalComfuniab'eDisase entr ~ derived from the data in Table 1, shows the per
tory Wisnch Comlement Fixation (LECF,, pro- cent recovery of viras infectivity at the various sailt
cechire %YM employed in complement fixation tests cnetain.Esnily-ifcit a e
(31).- ocnitos setal all nctvyrusre
Tissue culture Yfrns. VEE virus nas grown in 24-hr covered byeuIontiuh05s atcnet

chick embryo -monolaver tissue culture, and infected lion. ''hese findings indicated thaE virus of rela-
supernltnt- flifids were harvested by aspiratioui -at tiv'ely high puritly anal concentration might be
18- to 204wr po~infbc'loit Tissue cultize relur
debris Was removed by slow-speed centrifug".iin and TAL .StpielaonfVnzuanqie
the clarified virus preparations we then dialj Led TLen1 epvfise reuts f DE~zIeiNdoequ
for 18 hr at 5 C against 10 volumes of water to d teiillsrFSfo EEc~ds
(Ireas their salt conrentration. This procedre: did
not materially -decrease VEE plaque titer or anfi- n O1'.. 42!!

8geniciiy. -- __

DEAE cellulise colum chromatograpr. C"'~umn_% Virus prepa... 5W-0 > 0 .2 256
for chromiatography w.eprepared f's 10 g Of Tsucltre-
DEAEcellulose. -efore- use they- w-- wahe -m vanu 50lnL~ ' > 63 0
equilibrated with (i.0i %, NaCl_in fl.01 m phospihate - 23lMNCI.- '0 __00 6 ,
Wefecr. pH 7.2. Colunr' 4imension ratios.i iengh to 0-01 &1 NaC-I ... 2.50 (0.38 6.0 0

- imtewreapoxiady2LAdsorption -of 0.05 -N l 250) 0-73 8.0 2-96
the fiseculiure-virusporeparat wsy-freegrvt ItSs aI ~ 0 03 .
f16w. but-duringj developent of the colunnthe flw IM al. '1 07; .2 4

rae asmantiilel e~ea 5an 1 nl-We min. 0~ W att-- 250 0-27 6.5 4
irradiationi. Pn -.dvius -preparaio 0ns iwer r-V fm NaCl~. - 50- 0.60' 7.3

rddiatedaf the National EBureau of Stanqdard throug 0,20- iNaCl 250 0.- 6.51
the.:courtesy of Daniel-.W. Browvn. Suspensions- qf 0 -5 .- 6 77 3
VEE vijus uwe expos ed-to-gamma radiation' 0.50i itaI ~0 04 .

- 0.50 mNaCl - 250 0-09 6.5i
cabalt-6fsourceaadsreo7 I0remn 0 ~NaCl. 250 0 .0i 6.7 1 0Thesusensouswerecirradiated in, 4.i lmltk~.07 aI.00 .

i olpopylene test~ tubes -fl V 1w 75 nim). Samples ~ est i ont
were kept frozen with dry- ice during irradiation and Opicleniva 9
uere-heldin the fro m, state until tested for inlcc- 1 Lo17au-onu"unt/i n2 rc
tty. h dilterent-doses of radiation were obtained mr molers

by varying the time ofexpesure at the constant dose Ailtnto ~fgoecyhoye tp
rate. Control samples of virus wise exposed to identi- 58.0
cat eondiiions but were not irradicited.5.;05ril

RESUTS TABLE 2. Elulior rof k eeiiekol rquitte eniepaitr

Fiution by the SIC wis ethod. Investigation of rinnyrfrowl DEAE-'fieulieas af 1ineziois ofsaft
fractionation of VEE virus was initiauted by a ______________________

studyof its ehition patter miduring a stejnvise pro- Sac! im M wipl'WL ii verm
cedurt. After the tissue cuilture-virus effluent was
collected; the-virus was eluted withJWadI solutions
of increasing concentratimn. Fractions of eluates 0.01 6.6 1 .3'
(250 nI each) from each of the vatious concentra- 0.03 8.0 33.0
tions of MaCI solution were collecte,.'. Optical 0.0 . 4.
density, iniectivity, and HA activity of each frac- 17 1
tion were determined, (Table 4) Approximately ________________

90% of input virus infectivioy and all t4A activity 4;nput virus infectivity logv. PFU -m1
wvere retained- by the column before elution was Plaque-forming units.
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obtained by removing contaminiating tissue culture TABLE 3. Recovery of Venezuelan caine encepha-
material with a salt solution of low molarity and litis virus infectivity and serological activity
then collecting the -virus in one step with a de- " t rv (%)

;K veloping-buffer of relatively high concentration.
Chromatographic purifimion of VEE virus. The P i (FT

typical recovetr of purified VEE virus by such . _ -
- methodology is shown in Fig. 1 -After addition of A 1- ~A Muio'° 7

v~rus, the columns were washed with 0.01 m NaCl B 180 112
in 0.01 M pho.phate buffer, pH 7.2. Then the virus C 106 116 94
was eluted with a 0.7 m tris(hyd; oxymethyl)ami- i.. '

nomethane-succineate-sat buffer at pH 10- Usu- Plaque-forming units.
ally 25-ml fractions were collected. Optical den- 'Agglutination of goose erythrocytes.

- . sity, infectivity, HA activity, and CF activity of Complement-fixation
the collected samples were determined- Infectious
virus was recovered imnediately after the column TABLE 4. Speclrophotonetrk anah.is of Vent-
void volume. Chromatography resulted in a virus zuelan equine encephaits virus preparations
volume dec-ease from 500 to 75 ml (85%), with a
concomitant increase in plaque-forming infec- Rati o o-fllCa dnnity at M to 310mm
tivity to represent essentially complete recovery of .t

Ifthjtia! inl, nr~the input virus. Excellent correlation was found - - ____
-

_ ______

among the various tested properties. Tho;e
fractions with high infectivity also had the greatest A 0.60 0.88 1 0.29-

B j 0.61 0.90 0.29HA and CF activity. Representative column C 0.7 0. 0.17
recoveries of infectivity and serological activity 0.71 0.89 1 0.18
&re indicated in Table 3. Recovered infectivity 023c
and antigenicity consistently equaled or exceeded _ i
100% of the total input. The mean recovery of q Dialyzed tissue culutre-virus preparations.
infectivity was 115%. The increLed infectivity &Recovered DEAE-cellulose column virus
may represent a virus with less aggregation, with Pools.
greater efficiency for the tissue culture, or mav Mean ratio increase.-
refllet the removAl of some infectivity-inhibiing
substance. Absorption spectia aalysis -s also used: to

monitor VEE vius icatioaduringchro=to
--. i raiphy. Optdcal tie al 260-andi280 i m were, .f. , , deterrme 4orewntative-t-ss , 'uiure-virms

piparations anid for- their- recovered- columnI X pools. Front these-values, 26o-0 to-2 ninrtios
- VI were- determined and are presented in Table- 4.S. in Each instance,,the260-to 280faio increased

- a after chroniatogra h yThe mean ratio increa s
I was 0 23. These increased ratios are assumed to

E N-reflect purification Of the-virus from contami-
51. 1nating tissue culture proteins-

.20 Sediimentation an su csioa column-4,.xmna_-tfinna- "i recovred virus was additionally purified by sedi-

S menmtation of pooled -itus eluaies on 50% sucrose
-less um n .\ \\ cushions. Sedimenuation wvas biained bv-centif

. j ugation at 27,000 revlmin for 2-5 hr; The thin
2 - I \ ,ZZYC+ t light-scatiering-bands recovered from above the

r sucruse cushions represent highly concentrated and =4r i i purified virus material. UsualLy, the final virus
- g _- C preparation was 'oth the volume of thefiniti:!,

tisue-uitre material. Typical reco-eri als -
x - , i .- ' find-cated in Table 5. Accetable recovvries of

1 2 3 6 67 a 9 W H 12 infectivity and serological activity we obtained
Cas rn,,ns (3t rl by this procedure. The fivefold corice.tration-ob-

FIG. Re orerv of r-.rsflr Venezue-lam equie -tained and the separatidn fron soluble proteins
emephaiiis ras byr DE4E.&-lo s ekroratojraphy. expected from the procedure supported its use.

A
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T.BLE- 5. Recorery of Venezuelan equine encephn- at 6.000O.00 r. Virus inacti',. on in histidine was
hits rius by ceniriifbgaion on a 50% sucro'se not complete at A.000 r. Virus inactivation

cshion was alo tested in weanling mice- Typical results
obtained and a comparison with a plaque assayCalm-nh li=l rc-tc-red (,]

T-. . .are presented in Table 6. Although deaths did no-
- IA cv occur in weanling mice inoculated with virus ex-

____ ,posed to 4.000,000 and 6,0(00.0-0 r, similar in,-

A52 20 40 atihon curves indicated otentially live virus in
1 119 160 133 both 4,000,000.r preparations. Intracerebral inc-

C 60 107 58 tlation of suckling mice confirmed the presence of
Mean 7 96 infectious virus in both saline and histidine

preparations irradiated at 4,000,000 r. In contrast,
Plaque-forining units. deaths did not occur in newborn mice inoculated
, Agglutination of goose erythrocytes at pH 5.8. with ,undiluted saline or histidine preparations
Complement fixation, exposed to 6,000,011) r.

Results of aniaenicitv assays. of saline and
histidine suspensions of purified VEE virus are

91= Wh hii ,. presented in Fig. 3. In contrast to infectivity, the
E I -- = WidbO.x hu ;iiudi afiigenicity of boin saline and histidine prepara-

= 7 -

o 2 = Without hildlneCOMPlemen iea 0W.n

34

: : : 256 -: Fli.- Z Inar~ikadon of purified-'Penle_-i;elhn equitze&¢tdtafiis virus by .hmP~ing radiation. W28
-. ' 7 Coet, Fiti

0 1 2i-'2 3 it4 5,6
It should -be-noted here that-77W% mean recoverv.
of-eblumqn- Ioo|infectivity represents esentiall_, lot itcentqens90% ! of thi total i nput virus in purified form. i..Rcniofnt eii"fprbdVn-

-fr Fi- 3. eumo nkeiiqofpie fle

Inactivation Ri~ tructure conpounds inhibit --a qun ~w~'zirus prqiwratio,, wfrtyle
gannia ray inactiv tion of viruses, and histid n Imuecf u br .on. I rj iti.:

setvity protects anitigenicity more than infe-tivity 1191, The loss of infectivity iian qine - 6 ai of_ equine
of purified for VEE % as a function o3 dosi of enunpifs ri ges br ioniino radijion -

radiation was studied in borate saline and id.5ts,
his-tidine suspensions. Suspensions Were irradiatd _iiidian sn-..
at a constant dose rate (7 X 104 r per rin) for knrt . ,.
such pu-iods thai exposures ranged from 500100 _: ML
to 6,000,000 r. The virus preparations were main- - -"-! I --
tained in the frozen state during rradiation to
minimize indirect radiation eiects. Results of 0 X I0" , 89 10.5 8.9 10.5
representative infectivity assays in tissue culture 0.5 X t0 7.7 9. 1 7.95 9.2
are -presented -in-Fig.-. inactivation of purified .0 0 tOX - 6.1 &0 7.0 8.2
VEE virus was linear. irdcauing firstorder be- 2.0 xi0' ... 8 3 4.95 65

JOI <0 Xd <1.0 <1.5havior of the reaction. Survival of VEE virus 6.0 X g§ <I0 i 5 <1.0 <1.56.XI0-'<1.0 <i.5 <1.0 <I.5
infectivity was enhanced in the presence or hist -
dine. Both saline and histidine preurations Plaque-forming units.
lacked plaque-forming capacity after irradiation 1.og. values.

-
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tions of purifled VEE virus was retained after virus occurred at salt concentrations similar,
irradiation at doses as high as 6.00.000 r. 1fisti- although not identical, to that for Sindbis virus-
dine suspensions of purified VEE virus completely and single-step elution and sucrose cushion
retained their capacity to produce heniagglutina- banding resuted in recovery of infectious virus
tion and complement fixation. At 6.0.,O0 r, the equal to that reported for EEE virus. These re-
dose at which all assay svstems indicated com- sults suggest that DEAE-cellulose chromato-
plete loss of infectivity, titers were identical to graphic purification is applicable to a variety of
those of nonirradiated control preparations. arboviruses and that the procedure deserves mowv
Saline suspensions were similarly active. Although attention and wider use.
frequently an initial decrease in titer occurred No naturally occurring soluble hen-agglutituns
after exposure to low doses of gamma radiation have been repo.rted for group A arboviruses. This
(as indicated in the figure), inactivation did not investigation subrtantiates that premise for VEE
continue linearly, and a high level of untigenicity virus. The recovery of HA activity during chro
was maintained throughout exposure to the matography was, i h.ays coincidental with infec-
higher doses. In these instances, at 6,000000 r, tivity. No serological acttvity was found in tissue
SO of the HA and CF propert!ies were retained. -ulture effluent or in fractions fr-e from infec-

More commomy, the saline-virus p ~eparations t 'ity. A direct relationship between the level of
behaved like those of histidine and no decrease HA activity and virus infectivity was clearly
in titer occurred at doses as high as 6,M,000 r. demonstrated. Figure i illustrates the rise and fal

In vitro serology. Irradiated VEE antigens ex- of HA titer coincident with virus infectivity, and
posed to 6.000.00W r were emp!oyed in our labora- gradient elation data (able 1) further substan

torv in CF tests of several animal -sera. Results tiate this relationship over a range of salt con-
were similar to those obtained with ive virus centrations. High., moderate. and low levels of
,preparations and with saline extracts of infected HA were always obtained in eluants of high,
suckling mouse- ,rains inactivated with 0.3% moderate. or low levels of infectivity-
beta-propiolact6ne No change in CF or HA The elution of infectious VEE virus at several
titer uws noted -with column-purified antigens different salt concentrations during gradient
tored for 3~ weeks at 5 C, and only a fourfold chromatography indicates an apparently hetero-

decrease in titer was noted after 10 weeks. Studies ggnous binding between the virus population and
are currentdyin progress to evaluate the imntuno- DEAE cellulose. Such heteroaneiy may be a
,enicity of these purified VEE virus preparations, property of the adsorbent employed. Heterogene-

- DISCUSSION ous bindinglhad not been reported-for VEE virus
but such a characterisichad been noted for elu-

Since the initial description in !958 of the use tion of adenovirus type 2-infected t-ssue culture
of ion-exchange adsorbents to purify and con- fluids from DEAE cellulose (17. In that study,
centrate animal viruses (9), q wide variety of 15, 20. and 15 to 20% of the infectious virus was
viruses, viral components, and viral antigens have recovered by gradient elution at 0.5. 0.75. and
been purified by DEAE cellulose chromatography 1.0 u salt concentrations, res-ctivcely. However,
(4, U . 13 15, 17, 32). With the aiboviruses, in contrast to this preset work, the quantitative
however, most. investigators using chromatog- reovery of adenovirus was not. obtained.

aphy for purifiction have cu'ulove4i calcium Two parameters were used in this study to mon-
phosphate (2, 28, - t and DEAl Selulose has itor YEE virus purification by chromatography.
been only rarely used. Nicoli (16) investigated With the Ersi, optical density measurements at
the isolation of soluble hemagglutinins of several 280 nm during gndint elution rriied the re-
arboviruses by DEAE-cellulose chromatography moval of subaantial'tissue culture material during
and reported the elution of group-A Sindbis virus adsorption and salt washing of the column before
hemagglutinin at a salt concentration range of the specific elution of virus. Secondly, absorption
0.3 to 0.5 .t. Seventy-one per cent of the hemag- spectra analysis at 260 and 280 nm of chromat-
glutinin fixed on the column was recovered, and ographed preparations- provided evidence sug-
the serological activity was coincident with in- gesting purification of viral nucleic acid elements
fectivity. Fuscaldo et al. (Bacteriol. Proc., p. 161! from contaminating proteins. The subsequent

-9J69. reported the purification of tissue culture- sedimentation of column-purified virus on sucrose
grown Fastern equine encephalitis (EEE Viru by cushions provid.ies the final preparation with an
single-step DFEAE-ceilulese chromatogmphy and additional degree of freedom from tissue culture
subsequent sucrose cushion and gradient handing. contaminants.
They reported that more than 90% of input virus Irradiation of VEE virus under conditions
infectivity was rcovered. In the present work, minimizing indirect radiation efrects produced
gradient elation of tissue culture-grown VEE linear inactivation of Virus infectivity. These re=
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suIs are coistet wth hose reported prevolusly 11- Kkupas I.C i Hl G PCni-LM_ 19:54. Study f4 tkn
for VEjE virus '('26) and for a variety of other 'ii I45t&doinra th . dntr&ozt:ronDEI
viruses after gammia radiation,-inc~udin-i %11cinia, 13 NIC . .- and i _07oLatUfliL t . ?4.4a

St. Louis encephalitis. Western equine encephalitis w±ah nrnr01.fbnij NnsW

(WEE). poliovirus (),and rubella virus (11)1 ctuwkgahy on DEAP1 ..ohunas. vL'alozy ~-12_1:0
These data--bre also consistent with results oh- ~M~tk, W .0H~ XSn.u.I ~

and D. Cfrkr. 19n1 the- of an awuana s;Wa r!tainaiuthseraj %i'-uses Irradiated in the fluid VC Uma qe ---*aujdd vjm fig WLj=u&._
AHW.4Icauuan 7uag-hfiuenz amd B.; mumps, herpes oian Mmwn. Anwr. iL Trc. wed. H~y._

simplex, and WVEE (18, 21)., The level of radiation Is, MKA~ma, H., S Thnaaka. ark, C, Ugidtlm 19a4. Faro
required to -completely inactivate purified VEE 1 daPtici1czosanh 4t ydchb~meb

Cciuodbwor micy and swnnmc d~w pndfiflvriruts is less than that previously reported -for Mdm.49 NRi Int. -Ani. flea' Ifl %n~rL t57-6d
anothEr VEE irus- prejxfration (6.However, I& NkOii. J. 1905. ClmalmPt ti dj&--
thts is in keeping with results of earlier studies dTw niga~d&rt
demonstrating that several purified viruseswee ,. Cr5 tccrhojan.In.Psbr1l%-70Pbfipo L 19M0 Spaaton an DlES cauloloac or arm,
-inactivated at lower doses than their respective .d LVLtah W4y

crude preparations (10). The reduction in the in- IW0
activwation rate of infectious X'EE virus provided it- Poliey. J. K. 1h61. P n of o r nIfaihv Soinbie and.
byv histidine, agrees with results of prior studies zwtunCIL. Wcoi.71349

14PolHcy. Lt 1961 Frc-rns bdquencf- Laihniion it- WLf
with -influenza A virus (14ji However. the Moen- ltmdbaap~i !nlrn'hnb rti
tial protective -effect of histidine nit in vitro anti- ndtniodn. Can. 1. !,1..aef. -0.531-541. -

genicitY was not, determined, since tesln (Vol..1K 96.Tcisasmnredalw Cot-d

preparation itself frequently retained complete '"''"' 3.Mbot4452k olley 3. R,. and N. Xt. CUrs 1968. Prepaurion of* a
fictivfly even. after exposure to 6.000,000 r. N1I&~1rwa o- ~p wmv~

P#Uwt5 from 713midlc ff-Aid Gin . 1krobie. 14:01'7-

The ~ ~ ~ ~ ~ w -1.&zcaklassnc tfu~eBirrel is oa PEAndall t. -. KX MatrDJi.S 4md 1949, Itnsoan-
cd~~~~~~d.th Of la'.:~ oknWith pWifidV nxn--

Lfl7tn~aCITE)2.K Raisb4A, IL, and)J. 'U.. Ml-k- 1944, Fintal cncesmllk inrm

t ~innA.C~ -tW. Me"acy and R_ . t dgn. 3967. Tlia.&en 9.2-
the. 411dntmfaI Vcrnislani Cquire vnccpbaloiyt& 24- Randmall, RJ. %Vi_ s -n L_ L End. 19-4 prepara.
ir! ia;1cc 3. crwzni ffal hid In i Aancr. 3. irp. Ida and piens41azpnrificd equinWo-~lani

2.Adi.P.a&.H- Citir. 1%67. firai ae mii~fln 25 .A I_ ,adifk,
-and Tor Cakwn!i*tnre chrwnwgnpaiby rot irjeai'atlan a-Li adHMenhi98Asipeilodfcubizinsni fifl pr r -endriponu. Amia. 1. HK. z 173

med. Hygt 16n357-363: 26- Itman x-. and H_ Rt. Trifrbkr, Jr. 1967. hacljvarin IN
-Brre- it04 ijlai and- W.T IX rteffL 1961- Atanri- vnr~ qiee.el~oi-ltsiisb ain

&kbm aimtinton in gne-hheaft MdIS.tnr 2J. sw.3 92 lccto inanqen

m&L-, aD Caflwdh~t 1959. FmzCkDonathM O ithdi -'t sftkca ,md f_- 11_: 1961 Crnama-y
'tins oi V otdoiuth bynd 6m r-.nnroqtiy an urtinapedtoarne vtntss On midu ph sspht'"AeorisZ
OEAS-edlidoir lii-ia+bn Hiamlaya AcLt 33:34334 11,W. H. 0_707

5. erar. D I. . anul1tCsa,-& 195S& Tcdnalii for tcls- hS0i114 D.C10, H. K. Manujy, Rt -C. 1tsi. ali .C

tod-bonw iinncim Amei.. Trap. MCd& Hlyi764l boni sosoffnankrnn-- -
6- Donkia D. XN1, and.1 K MLhoi 1R59 Imtia'.IOII vwdani and nitmnpuS toi dirwt L-rn-'- rrw~n-#.e

a~mb± S ideaseps cm~ ithJ X~inaibicd tlimilr 'Va*t- Anier. .1. Hvg. 63d50.464.
-vft po Soe. Exp. Bit Mcd. Die;Z!0-21I7. 30- Taxirnir , J.. H. Man_1=Kl, oad F 1-aos. 195&. Tin pwl&t

I.Gonldsr , , .l. Ocnidon and G. (3 Wriit. 19&L. - -i and ofa~ e.'w --n.V-
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