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Peters, C. J., R. W. Kuehne (Animal Assessment Div. U.S. Army Medical
Research Institute of Infectious Diseases. Frederirc. Md. 21701), R, R.
Mercado, R. H. Le Bow, R. 0. Spertzei and P. A. Webb. Hemorrha gic fever in
Cochabamba, Bolivia, 1971. Am J Epidemiol 99:425"33, 1974.-Between

~ January and March 1971. an unusual outbreak of hemorrhagic fever occurred in
Cochabamiba, Bolivia. The index case was apparently infected elsewhere. but

S became ill in Cochabamba, where hemorrhagic fever had never been reported.
Four secondary cases occurred among hospital contacts of the index case, and a

S pathologist was infected after cutting himself during an autopsy of one of the
secondary cases. Clinical manifestations were typical of Bolivian hemorrhagic
fever, except that jaundice occurred in three cases. An arenavirus of the
Tacaribe complex was isolated from three cases. One isolate was studied in
detail and shown to be closely related antigenically to the prototype strains of
Machupc virus.

arenavirus; hemorrhagic fever; 'jaundice, etiology; Machupo virus o

INTRODUCTION Lions, at least in part, by a mechanism o

The arenavirus group is composed of 10 :irolonged viremia and virus shedding.

morphologically similar viruses having ex- Four of the viruses (Lassa, lyimphocytic
tensive imuooi eltosis(, 2). choriomeningitis, Junin and Machupo) are

immu ag nologicpreaion is e known to cause disease in man. It is
Thee aent ar prmailyrodnt iruesthought that lymphocytic choriomen ingi-

and most are maintained in rodent popula- iJnn n acuovrssifc

Abbreviations: BHF, Bolivian hemorrhagic fever; man primarily through direct contact with
CF. complement fixation: R', intracranial: IFAT, the infected nataral host or its excreta. The
indirect fluorescent antibody test, 111, intraperitonleal; maintenance and communicability of'
MARt'. Middle America Resenrch Unit, PFU.
plaque-fotming units IISAMR111D, U.S. Army Medi- Lassa virus are not well understood: how-
cal Research Institute of Infectious Disease's. ever, the recognition of an explosive hospi.

'Middle America Research Unit, Box 2011. Balboa" tal epidemic establishes its potential for
Heights, Canal Zone.

'U1.S. Army Medical Research Institute of Infec- direct person-to-person transmission (3, 4).
tinus Disenties. Frederick. Maryland 2170)1. (Reprint During February and March 1971. fatal
requests ito Mr. hwchne, Animal Assessment Divi. cases of a disease suspected of being Boliv-

Peae orps physician, U.S Public Health Serv- Cochabamba, Bolivia. Tlhis outbreak was

iceh e authors thank 1)r. It. W, Morrissey of' the investigated by local authorities in Co.
Armed Forces tInktitute of Pathology, WAtshitigton, chabamba, the Ministry of Health of Bo-
1). C. and Dr. 1). L. Page of the Johns Hopkins Has.i Ilivia, a representative atf the Pan American
pitAl Halt imore, Md., who examined the human path- Health Organizatiot, and a physicia 'rm
ologic mtaterial. The authors further thank Edmundo
Perrogon. Paula I'abr nd (%e Fr technical the Middle America )Reseoitch Unit

assitanc JJ i~(MARU). We were concerned that this

'1" 42 5Lr ~ ;II Sroalnn o o,~L.rSrnfodV 'b
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outbreak might not be classical BHF due The serum was separated from the clot by
to Machupo virus infection because: 1) centrifugation and stored at -20 C.
secondary cases occurred among hospital Preparation of virus suspensions. Organs

- personnel and contacts; 2) BHF had never or whole blood were ground in a mortar
occurred in the highlands of Bolivia where with pestle and sand; four volumes of
the rodent reservoir of Machupo virus, phosphate buffered saline (pH 7.4) con-
CalomvYs callosus, is riot present; 3) some of taming 25 per cent normal rabbit serum
the patients were icteric, a rare occurrence (previously heated at 56 C for 30 minutes),
in BHF: and 4) a serum specimen from the 100 units/ml of penicillin G and 100 tig/ml
lone survivor obtained :30 days after onset of streptomycin were added. The suspen-
of illness contained little or no neutralizing sion was clarified by centrifugation in a
antibody to Machupo virus. For these rea- table-top centrifuge at 2500 rpm for 10
sons, samples from acutely ill patients were minutes. Additional dilutions were made
studied in collaboration with the U.S. with cold phosphate buffered saline con-
Army Medical Research Institute of Infec- taining 10 per cent heated normal rabbit
tious Diseases (USAMRIID, in Frederick, serum and antibiotics.
Maryland, where appropriate safety facili- Animal and tissue culture inoculation.
ties were available. Animals for inoculation were obtained

from these sources: Swiss Webster strain
METHtoms adult mice and pregnant dams from

Description of laboratory facilities. The Charles River Breeding Laboratories,

special containment laboratories used in Wilmington, Mass.; Golden Syrian adult
this study have been described elsewhere hamsters from Lakeview Hamster Colony,
(5). Two separate. gas-tight cabinet sys- Newfield, N.J.; pregnant hamsters from
terns were used so that materials from the Zucca's Hamstery, Vineland, N.J.; Hartley
outbreak, as well as a prototype Machupo guinea pigs from West Jersey Biological
virus strain could be evaluated concur- Supply, Wenonah, N.J,, or the Fort De-
rently without danger of cross-contamina- trick Animal Farm, Frederick, Md.
tion. We adhered to the Guide for Labora- Suckling mice (three days of age or less)
torv Animal Facilities and Care of the and suckling hamsters (five days of age or
Institute of Laboratory Animal Resources less) were inoculated intracranially (IC)
National Academy of Sciences-National and/or intraperitoneally (IP) with approxi-
Research Council. The facilities are fully mately 0.015 ml of virus suspension, using
accredited by the American Association of blunt-tipped, 26.gauge needles (Becton-
Accreditation of Laboratory Animal Care. Dickinson Co., Rutherford, N.J.). Suckling

Processing of specimens. Throat swabs guinea pigs (five days of age or less) were
were agitated in I ml of holding medium inoculated either IC or IP with 0.1 ml of
composed of veal infusion broth (Difco) virus suspension. Adult animals received
containing 5 mg bovine serum albumin 0.1 ml otvirussuspension by the IP route.
(Fraction V, Armour), 2.5 Ag streptomycin, Vero, WI-38 and BHK-21 cell cultures
and 50 units penicillin G per ml. All were provided by the Virology Division,
specimens intended for virus isolation were USAMRII). Primary monkey kidney,
frozen its soon as possible and stored con. human embryo kidney and MA-III (con-
tinuously in liquid nitrogen or a mechani- tinuous rabbit kidney cell line) were pur-
cal freezer at 60 C. Human blood for .hased from Microbiological Associates,

serologic testing was collected iii Vacutain. Inc., Bethesda, Md. Plaque titrations were
ers (Becton-Dickinson, Rutherford, N.J.) performed in Vero cell monolayers by a
and held at 4 C for no longer than 24 hours. previously described technique (6), modi.

'7I
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fied by using an overlay composed of Ea- Between .January 12 and 15, she became ill
gle's basal medium with Earle's salts, 2 per and on January 15 returned to Co-
cent fetal calf' serum, I per cent Noble chabamba where she was soon admit k, 'o
agar. and 20 mM HEPES buffer, the Seton Hospital. She died on January

Serologic tests. Complement -fixation 28.
(CF) tests for serum antibody were per- Case 2: J13. a 38-year-old domestic ser-
formed by a microtiter technique (7). The vant. assisted in the case of her sick nie('e
same test systemn was also used to identify (case 1) on January 25 and 26. She became
crude antigens, which were prepared in the ill on February 6 and was admitted to the
same manner as virus pools except that Viedma Hospital on l'ebruary 12, where
rabbit serum was not added to the diluent. she died on February 23.
Attempts to perform accurate plaque- Case 3: RM, father of case 1, traveled to
reduction neutralization tests at LISAMR- Cochabamba from his ranch in Fortalezaj ID were frustrated by our inability to because of' his daughter's illness, arriving
consistently maintain Vero cell monolayers on January 26. Hie was in 'nate contact

'under agar. Subsequently, the neutrz:liza- with her, kissing and embracu.,~ her during
tion tests were repeated at MAR"3, using the last two days of' her life. Case :3 re-

b reagents prepared at UJSAMRIID. Direct turned to the Beni and probably became ill
(8) and indirect (8) fluorescent ant ibodN in Fortaleza about February 8. He traveled -
tests were performed with acetone-fixed to the hospital in Trinidad and died there-
viral antigens, onl February 16. We have little data con-,

Virus strains and antisera. Reference cerning the course of his illness, but the
reagents were obtained from MALUJ and physicians in Trinidij~dbelieved that he
are essentially as descrit-ed in recent pulbli- had (lied wit h hum-orrhagic fever. Only this.:,
cations (9, 10). The prototype virus used case and case I had -been in the Beni. priot
for comparison was the second or third to their illric11S.
suckling hamster brain passage of the Car- Case 4: NIS,.- a 28-year,-old nursing ir.-
vallo strain isolated from the spleen (if a structor who smpervised nursing care of
fatal human case of' BHF in San .Joaquin. case I ol .Jaliuarv -23, 2.)adwsiti
Bolivia. maitely involvc,. in h,, care duriig thle finaldaso ie(aury2-8,bcm l

L)Es~nwroN O THXabout February 7. She entered Stton is-
Antecedent events and the courste of'the pital onl February -1.-2 and died on February

epidemic were reconstructed from hospital 19.
records and interviews in Cochabambat, Cast- '): FP, a 24-vear-old nurse fumn
Fortaleza and Tarija, Conflicting or absent Tarija, wa6 in Cochabamba between Ianu-
data prevented precise conclusions, but the aty it') and 27 attending a training course ill
mo1st probable course of'events issummai- hospkitail administration at Seton Hospital;
rized in figure 1. her only contact with patients was on

Case 1: CM, a 2(-year-old, single. nurs- January 27, when she assiste cse 4 with
ing student living in Cochabanmba, re- the bedside care of case 1. Vase 5 had
turnedl to her home village oft Fortaleza in gymptomis of' gast roenterit is ixtgiiiaing oin
the Province of' Beni, about December 6~, January 26, but appeared to be well ),by
1970 (f'igure 2). She mnay have traveled in February 2. flowvA'er, (on February 5 she
the vicinity of'Foru~iezat, but there was no complained (it' malaise and bly Ff'hrtiary 8
indication that at known HHFIIendemic area woR definitely il, She wini hospitalized in
was visited. She left Fort aleza to travel to 'Parija oin February I11 and recovered after a

Trinidad, Bolivia, about Jianuary 12, 1971. severe illness.
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high fever. He was hospitalized at Seton junctival and pharyngeal inject-ion. During
Hospital on March 2 and died on March 7. the first two or three days of hospitaliza-
This was the only infect ion in which pa- tion, all patients continued to he nauseated

*renteral exposure occurred. and febrile (38-40 C). Laboratory findings
Nint. other persons livcA1 in the same consisted of leukopenia, proteinuria,

households as cases 2, 4, 5 and 6, and all of pyuria. and sometimes hematuria. Abnor-
* the patients had casual contacts with malities of hemostasis developed: gingival

-many other people during the incubation hemorrhages, epistaxis, metorrhagia, ec-
*period and early stages of illness. Initially, chymoses around needle punctures, pur.

most patiente were suspected of having pura, nielena, hematuria.
typhoid fever or gram-negative scpsis, so During the later phase of the illness.
that isolation procedures were not puk into patients hecame obtunded and hypoten-
effect until February 18. Nursing personnel sive. Three cases became obviously jaun-
and other contacts were exposed to bloody diced on the tenth to twelfth days of
secretions, urine. vomitus. and bron- illkiess. and this was supported by the
chopulmonary aerosols. Case, I and 4 had icteric serum samples observed in the laho-
private roonis at Seton H-osnital, where at ratory, In part icular. case 4 had 6.8 mng/(X)
least :12 nursing or other parnaedical per- ml total and 4.2 mg/IM) ml1 direct lbilirubitl
sonnel and seven physicians were involved (in the eleventh day' of illness. There were
in their case. Case 2 was nursed in anl open trenmOrs of the tongue and tipper extreini-
ward at Viedmna Hospital and was attended ties, myoclonic inovemients and. inl Some
by 11I nti~s mind six doctors. Eight clinical cases, focal or generalized1 convulsions. In
laboratory technicians were known to have four cases, severe hypotension and comna
pierformed analyses on blood specimens, were followed by death after six to I I days
taken frotu the pation., Surgical masks, of hospitalization. One subject tease 5)
gowns and gloves were worn when autop- improvedl after 11 days of hospitalizat ion
sies were performed ou. cases 2 and 4. but and eventually recovered. All cases were
two persons received needle punctures% and treated with cmbiinations of antibliotics.
one person (case 6) was cut. Aftor thle onset steroids and introvenlis fluid,,.
of illness in case 6. hemorrhagic fever wats Post mortem vxantinations were per,

suspected anid he wits cared tor in Seton formed oweases 2. 4 and 6. Hsoahlg.
Hospital with mask, eap). gown and 0love findings in Ofl three vases were ty))icnl of
p~recaution,'. Three nurses1, six phyysiciuts, BHF (l1). Scattered foci KlikPatoceilar

.......... an three clinical latmrtory tevllaicillltq nlevrosi6 tanri ocrosional acidophiliv bodlies
wete Pxpsd.CX eI was auitopsiedl by two (I'll were tlnerved ill liver %ect ions hut
pIrsons wearing niine respi ratlOrs anit llew. rhanges Were no4 Idore extensive thanl

CIANI(!Al. MANIMSTATIONA f(Ih n etcvntyw

The clinival pittx cd th.i1ti55 o.i ae~, early boeonttoi ncs
which we have data mla very similar, Four 4. and severlil armso lobular pilollary.
to seven days before hospitalization, the ctguaiiidatlin ill ca".' 6.
quli icet- e feiefver. ehills. tnyatigia,
malaise and weakness, Anairtmia. viinitin.
abdominal tenderness and, in Rulme cases. Wrmq solantion. Virus Was rtcovered fromli
diarrhea devloped. Your patillts had tit"- thet pri-Ianeua uod OO t hree costly. ftonal
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the throat swab of' one patient mnd from ml (range of 45 tests done on five days: 5.1
liver (case 4) and spleen (case 6) obtained x 101 to 1.3 , 1 0 ') and the Carvallo Pool,
at autopsy, Titers obtained are shown in 1.4 x. 10' PFUi/ml (range of 49 tests done onl
table 1. Although significant quantities of' six days: 6.9 ,. 10' to :3.1 ,10').
virus were present in the throat swab from Infection ot' WI.38 cells with the two
case 6. theiv was blood from gingival hem- strains produced focal areas of' ballooning
orrhages in the specimen. We were not able and detachment of cells within Mt- 14 days
to isolate virus from two serial urine speci- that progressed to involvement of thle enl-
inew.; (case 6) obtained onl days 10 and 12 tire cell sheet wiihin U) 21 days. Although
after the onset of illness. Suckling hamsters MA- Ill cells became rounded and granu-
were more susceptible to ilness and death lar in tile original isolation attempts, we
than suckling mice, but virus could he were unable to reprodu~ce this finding with
isolated from either animal, Spleen homog- p)assage material front the D)A isolate, or
enate fromn case 6 inoculated Ill into adult with the Machupo ('arvallo strain. Passage
hamsters. mice and guinea pizs. did not material from both strains grew in Vero
induce illness or deaith but surviving ani- cells ats determined bly dletection of' viral

*mals developed ClF Intilody to Niachupo antigen with fluorescent technique, but no
virus when bled 3() day,, po .inoculation. consistent e-haiges in cell morphologyv were

Cytopathic effects were observed only in seen. *lhe D)A strain from (Cochabamba and
WI-38 and I A. Ill cell cutr D.iire'ct thle prototype Ma(hp iusfo a
fluorescent antibody tests showed that at .Joaquin formied similar p~laque~s under agar
least N) per cent of the Vero cells grown on inl Vero colls.

Leihtn cveslip.. inttnd ag Plaque reduction neutralization of Ity.
amunsofvra atgeias early ais live tirm uehnnmer lt-h I) tand

hyoprwi o~f the- bintatg'. The itsolate hyperinimute -hunster stera had a foiurfold
t4tunied friml tile splevin of casev 0 IDA) tot eightftold lot er netlraliat iot titer
wos c hotella ilt, protottype (if thlt (Co, agailst ('arvallo thati againlst its, hoinslo'
chahanilin otb~reak. A suvklitig hamter gotis DA strain. In ettatrast,. a (7arviillo
brait jui or fte DA strain inl the second immuitne serumt haid simfaihr iteA to htotil
i1,1saii& level was used inl all conaparat ive agent!,.
z!11dikN with the prolotylivCarvallo strain Suckling Inice and Suckhu lafn hams
of Ntardia;N viruis. Tile D)A pol rott4d inoculated 1V suiffered etiarmwerist ic Olint-
6.6 1 0, Plaque4triig unlitstPI' OTi (wr consistinig fit gtowtll retzirdationi. ttrelniw.

Pails t btv'en days 9 anld 16. it rat iolN 411 virush
1W... tow in k "-w .4 lee j k us pol ill suckling htamtersN, althligi 111114.

vaith ar lltothv gae e xla l tl
I'~~*w' ts~o1111t, tI'rat tons i na-.tnftude ats tltiow ot lplaqtM'

t~ . '1 si lit W .11 "'0'k T i t a l eo nttrain of Mv w huiai in )

virt., ow M-4%adul! nlt l il -1"te
* , , , ~.Ill~ wit h thle forinir agent dl witertE aitisit

~ t~s-t I ire' &Oiun 44 DA VIrMun'ned Slicklitig
Al~ jI.&1 n lt ~it. gifinr~ Io g pu', 111ss 1 11a fh old wre

' %rtver . , oh~~t- tth.Ii4' k"r~gradeI dam*s set t'aet virus., Mohialit% was



HEMORRHAG~c FEVER IN COC1IHAMBA. HOLUVIA. 19' . 4:31

TAII.F. 2 serum samples fromn 125 hospital and
Relationships bettueen D)A aznd ('unallo strains of household contacts of the hemorrhagic

Alahup vius n nutrizztirn t~4fever cases. T'wo months later, 61 persons
. Hini iter to were bled for a second time. All sera wereAil ~ ~ ~ ~ ~ ~nl i -(itittivij l divlevint.Into "' -- -- examined for CT~ antibodies to Machupo

DA arvui., virus. Of thew,. 2(0 had anticomplementary
Im 1 :2t 8 activity or equivocal reactions at 1: 2 or 1: 4

2 A3 :12 4 dilution,,; these were tested by neutraliza-
:1 ('rvalltt 31 32 :12 t ion and indirect fluorescent ant ihody tests

4 araIo 1 256 512
4. ('rvatn 2 (IFA'fl and found to lie negative. Paired

All anisera prepared iii aditili harnster's. sera from ole' subject, a 42-year-old nurse,
tPiter expres.ed s In%~ erult diluti-l itlitili hO hd ow lev'els of CF (1:2) and ifA'I' ( 1:4)

*$4V; t itt ' MVrus p111%ues. antibodies, but no detectable neutralizing
indeendnt f vrusdos whn gvenTC.ant ibody. She had never been in the Beni
indeendnt o vius dse hen ive IL Province. had never knowingly cared for a

Carvallo virus killed 49 of' 56 animals aspainwtheoragcfvrmdhdo
compared to five of 29 T)A-iiifected guinea prteniot willth sggieo hemorrhagic fvradhdn
pigs (p < wol Although there was it f - ver.
direct doersvneeffect whetn the agents;
witre administered It". the mortality at .)SUSO

t'ac 'ius ose as reaer tir arvllo Although two o'ther cases of lirect ha-,
than DA virus. Italble 3). Death of' guinea mnan trzinstnjsion ot Machupo virus tire on
pigs tosually occurred bet ween 1$ to21 days.....

studies, da~record IrI. Ito, this outbreatk represents the
weigtt ~sstin cleretsedacti prea'i wa.-s of priniary itnport~o:re. Thus,I Covaleceit seum "s in the cwte of related arenovirus Lag.sit,

fr.~ ae .th nl urvivor of the t out -thll IxvAsiiitv of occurretice of "mysteri*
break. wily. te'.ted bt. liutrt~izaoil 1( FRH otis enrptt thcotreal. o

III~~~H isilit othe real.N1to arousoriitirtse oherthtitMa Desp~ite I he filet that not direct statf ist ivall
. hulut Althoughit I titer of I ; 6 Wlitwa oh. ,4 aruut is possible betweenl these pa.

inetd by CF1 utittiini ant igen. iietil vil.
lztigontess wth hisvirs ad~t iett taitt I hosev frevillasty studiled in thle

v'ril';"fit' eni Itrovitive, it appoars that the VIIS64k forAuntaari. Parana ittd Lat 1110 viruses wo,dietvrsratntn vu tepsee
ne~at veNeritiben riiziit ut hod t k4o large anliounti; of virtts in bloo andI

ter oil this IMVat tt t hot t strainsA of ,

Mitehop virusq are A ownt in tale '1 AniTMV:
oightfold higher tiger Was Obtained whenl ,j1tA 141 !i w411%ki .iat*#,p l~ro It? Ntieklij

the sevott-week mowalesenit seromtst ~ .~~* ar*t h s~ ~'i1~
teisted against the DA strain t.. thef Arv~lli' srain. lt,1tortutltely. (li . .

smlall. volum.ti wtruai had been oltained *U t2s
four week.s pst -1 tntecto and 11ne111t't, ii11.1,It Ii

'availalei fair tetting ogainii t t, DA '.I ratiu.
ImftPirLAlftu. -A'vonII to itylt-week 41111.

ealesti'ett Sera rioti the. 11WV1 1%i '111% 11'bitilI 1

.liqiuio IMPF otitreitk had iendlr titer' lt .4i1h

Ffun March -0 lt 1:1. 1W; 1. Wo *tbtant-4 I 4*ali~ ~alixwmtttt'.liivt l
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TABLE 4 mented enzootic area of' BHF. Intensive
Neat ralization of two Machupo virus strains bY trapping of this ranch in 1971 and 1972

convalescent Bolivian hemorrhagic fever ha man sera yielded 30 rodents, none of which was

Week, Recipmeal titer~7 to alomys callosus, the only known natural
Cs 1CUIII Pot indwcated virus reservoir of Machupo virus (19). Further

illness DA carvall- work is needed to determine whether other
FP Cochabanmba 4 NV~ 4f vertebrates are involved in virus transmis-

C'ochabamba 7 :12 4 Sion in this area.
K-1 san .loaquiln 8 8 8
Ril San Jouaquin 7 :12 16 HrFERFNCES

GI, San .loaquin 7 64 .12 1. Howe WP. Murphy FA, Bergold GH, et al:
* Na tetedserm exaused.Arewntruses: proposed name tor newly dt ed

t .*Titer expressed as last serum dilution inhibiting 'irus goiup. .1 Virol 5:R')1 652. 1970

80;of50-10vrspaus 2. Howe WVP, Pugh WE, Webb PA. et a]: Serological
lvniphocyti(' chorlotneningit is virus. .1 Virolsecretions. In San Joaquin during vS-9.17

1963-1964, virus was recovered from blood 3 ae E epnWieH.e l as

i and throat secretions in only about one in fever. Epidemiological aspects of the 197(1 epi-
I fve attempts during serial, sampling of demic, Jo.Nigeria. Trans H sac rmp med Hyg

patients with confirmed BH-F, and the :4)-0.17
4. Monath rP. Mertens PE, Patton HE. vi ait:

quantities of' Machupo virus present were Hospital epideraic of Lasso F'ever in Aary~on.
minimal (17). Liberia, March April. 11172. Ani .J 'rup Med Hyg

We canniot decide whether this outbreak 22:773-7-49, 197:

~as caulse'i by a Machupo virus variant 5. Kuehne RW: A biological eitaitiment facility for
havig ditittivebiolgicproprtie or studying infectious disease. Appi Mierobiol

hvinr dite oseved bogicrop htertoies- or 26i:234 21:1. 19T.1
wthr tl unusualv i HFe(8,1. t het ih 6,arley 9, Peralta PH. ,Johns.on KM! A p~ia' -v

tincly ntisialin BF (8, 1). he hgh nwettralitation methixt for arboviruse-, Pru4w. 1'"w
rate oft linically signiticant secondary bac. Fxp Rliot Med 12f):741 747. 1116
terial inifecion, the Striking mortality a~n( 7. Matrken~ie HK. WOCh PA. .Jthnsn DI: Poet
the direct humian virus transinissitln were lil oif cotpetn iigantilksdy after Ithlivian

stmiehow related to the faict tha this, hemorrhagie fever, emlployinlg Niachuro, .Junio
(leurfd II tt~'land aailr virtis untigims. Am .1 TtopNd M 1l INv

Opidernic ocurdinl perstow -adipwd")to 14:11179 1084, 111iL)
* m~~tild physiologic gtresis (ColitlhalnbiI is ji, llruno.l'oo(4,lruo.h lohno 101t, of

netctrly 27(X) meters albove sell level). TPhe Ifl; Pill 1"gellesis of Juifll virus ilifectin itt the
latter pmssihility mlight 1K, tested experi. aithnseA t~eho tae41:131

* Th~met Idly 1), ine'tn flt11ht1ffl prmtsCpt.I. Webb 11A, Johnson KM: Measiursment
Maintaiined in altitude chambilers. P.O. ofl autibislivk its Machulms virtt, Iky the Indirect
dence& tor the first alternat iv( Conit ftl l -rVeli tech1Ahpw. Proc Stc F%11 Itha Med
the reduced virulenice of (lhe O)A virus for 145t :, 193
Ruineal pitgs as Compared it) a low. passoge I)WbiP.,ano ~,isb Ie d uta

ai a 11VWTacrmil4 vinti frni -Poragt , V, Arrh Ge.
stri ot of achupot virus and the faet dithat a ~ Vsash3:th:~.1
minor but reprtodtciblt, iint igenie differ. 11, Childt 1t1L hMekettw 141 Va~verdeq'hin0l U,

eI wbtweent these strains wag found ina si:totai.hn.rag te-.Apttsu

humn wrUin andl in I t dimtinct antise4ra deri mA10h Pathol R3:4 W 1M
red oeait the DA strain. 12. Cihild 1'1, IWUI A:, A adphvIltcsie: ltoirltea

Another jswint twotentially iti favor of a a an W10)y PlV t wi v in.I1 ill atlit %kiltIV Whioti
distinct Ninchupoi vatriant was the fact that 1:1. twmranko OFr. rchW RPahol ttw4 dil, 19*1w

t1te intlex case tippilrently contracted her siia ~~~niogap lp~e~~.

inlection llear 1 rtldleyla. it town ill 1.enli Chnur t lICAIM&2 !sVII, 197 1
PrOvince outside tht. Previously> dcu~~t~. tihukla W4( Withbeoga '1H. toudb it Oit



HEMORRHAGIC FEVER IN COCHABAMBA. BOLIVIA, IF 1 433

hemorrhagic fever probably transmitted by per- cases. Am J Med 40:217-2.10, 1966
Xsonal contact. Am J1 Epidemiol 82:5 91, 1965 18. Mackenzie RB, Johnson KM, Garron H, et at:

15. Webb PA. Johnson KM: unpublished data. 196. Clinical observations on hemorrhagic fever in
16. Johnson KM. Wiebenga NH, Mackenzie RB. et al: Bolivia. (Manuscript in preparation)

Virus isolations from humran cases of hemorrhagic 19. Johnson KM. Halstead SB, Cohen SN: Hemor-
fever in Bolivia. Proc Soc Exp Biol Med rhagic fevers of Southeast Asia and South Amer-
118:113-118. 1965 ica: a comparative appraisa. Progr Med Virol

17. Stinebough lid. Schloeder FX, Johnson KM, et 9; 105-158. 1967
al: Bolivian hemorrhagic fever. A report of four

.. .

r0


