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AN OUTBREAK OF MAYARO VIRUS DISEASE IN
BELTERRA, BRAZIL

II. ErtpeMIOLOGY®
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Absiracet,
aceurted in the rural vil

Epidemiclogical investizations of an oulbreak of Mavare (MAY) virus which
wze of Belterrs, Pard, Brazi! are reported, Human cases were firat

recorded in December 1977 and continued through June 1978 Approximately 209 of the
mare than 4,000 persons resident in Belterra were infected, and a very high proportion of
those intected suffered cvert clinical dlness. Cases were identified in all areas of Belterra and
among all age zroups; however, the greatest number of cases was seen among thosc who
resicled in close proximity to the forests, Vellaw fever (YEFY virus was also active in Belterca
concurrently with the MAY virus outhreak, Six buman cases of YF were identified, of which
five were fatal. The ¥F outbreak ended Following YF vaccination of the human population,

Simultancens outhreaks of Mavaro (MAY) and
wollaw fever (YF) viruses identified e Belterra
during 1978 provided a unique opportunity to in-
vesiipate the epidemiotory of MAY viruein detail:
Mavare virus has been recorded fram many areas
in nocthern South America in the past, buat pre-
vious reports bave dealt with this virus primarily
25 g clinical entity, and bave genecally not ad-
dressed the guestion of the Impact of epidemic
MAY virus in the affected population ™ Excep-
tiong are the report by Schaeffer et al.® which
discussed MAY virus among Okinawan setilers
ity Balivia, and that of Karbaat et al.J* which de-
scribed MAY wirws infections among Dutch mil-
itary personnel stztioned in Surinam. Results of
Shaeffer et 2l buscd on a serolopical survey, in-

Accepled 12 July 1950

* Thiz project was conducted under the auspices of
thie Mintstermo s =agde Pablicn do Brass), The research
wits cancucted al the Instiute Evandro Chagas, Belém,
Pari, Bragl, under PAHO Project BPA 4311 and sup-
ported by Research Contract Sumber AN 17-74-0G-
GATR from the U5, .-'"Lrl'l1} Modical Research amd De-
velopmen, Command. (Office of the Sureeon General,
Wishingtion, 120, The opiniens contiined herein are
those of the authors and should noer be constrged a-
afficial or reflecting the vigws of the Department of the
Army

hedrirese eprint regquests oo Reprints Secton, Divi-
stz of Acoedemic Afaiers, Walter Heed Army [nsticure
of Kesearch, Washineton, 1007 20013

T Present address
AT Maarm 3eo

Crorgees Memorial Laborators,

dicated that from 10-13% of Lhe junole fevers seen
among the zettlers could be attributed to MAY
virus infection. Karbaat et al? reparted that six
of eight members of a military patrol in eastern
Surinam suffered overt clinical tllness ascribed to
MAY wvirus infection. Serological surveys of var-
ious other populations in northern South America
have found MAY virns antibody presalence rates
which range from [—60% ~F

I this report we describe the impact of the
MAY virus outhreak on the popalation at Belter-
ra. both in terms of which sepments of the pop-
ulation were infected and also what proportion of
those infected actually suffered overt clinical ifl-
ness. We also briefyv summarize the rezclis of our
stedies oo the concurrent ¥ F virus activity, A
subsequent report details our investigation af the
vectors and vertebrate hests of MAY and VT -
ruses at Belwerra ®

MATERIALS AND METHODS

Belterra s located in the Braxilian stzie of Pard
near the junction of the Tapaies and Amazan
rivers, approxdimately 40 km south of Santarem,
the nearest large city (Fig. 1) The village lies on
a plateau about & km from the castern bank of
the Tapajos River, The plateau i3 173 m above
sea level and is separated from the river by a low-
land plain that i= 3 m above sea level

The climate in Belterra s classified as humidl
tropical aceording 1o the Holedridge life-zane clas-
sification svstem.® A local meteorclogical station
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Fiours 1. Map of the novthern Bragilian Staty of
Poeri. shewing the Tocaline of Belierra,

reporied that the averase annuad eainfall duning
the preaious 7 owvedrs was 201 m. The quantity of
rainfall changes considerably between the 4
month dev seaseh, Aususl throozh Navember,

2

il

GA.

ancl the B-month wet season, December through
Julv. Average monthly temperaivre Huctuales
anly slighilv throupghout the vear.

The predominatl characteristic of Relterra iz
the yubber plantation located there, The planta-
tion was established By the Ford Motor Company
af Brazil in 1934, bt is now owned aned opecated
v the Brazilian sovernmeni. An area of over
7000 hectares was originaily clearsd and planted
for the planiation: however, during the lzst 20
vears trees and shrubs bave been allowed 1o in
vacle until siow Lhe 3l tlion has a continuous
secondary zeruly undergsrowth vhoreachez o
approximately 13 moin height, Thiz zecondary
arowih has encroached to within 2—10 o ol many
houses, The plantation remaing operational ancd
access tradls are maintained throughout the plan-

nty

tation o facilitate rubiber Latex collection and re-
mreaval
2

Figure 2 presents a map of Belterra in which
the rmain raads and residential areas are =hown,
The mreatest concentration of housing and adioin-
tstration buildines i foond in the northsest cor-
ner of Beluerea.

with additional housinge nter-
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spersed throughowt the plantation. Few howses
anywhere in Belterra have screening, and mos
quito netting s generally nol used.

The Towland ares between the river and the
platesu is coverad with essenlially undisiurbed
forest. The forests on the platean which surrounds
the plantztion bave been burned in some arens,
but ot recently, and are now old secondary
growth forests. Forests in hoth the lowlands and
on the plateay have had selected trees removed
for lumber, but emergent trecs from 23-33 m in
hetght are sl commaon

Maost residents of Belterra are associated with
sonne aspect of the plantation. Many people, both
women, are cmploverd o collect Taex
from the rubber trecs and are required to enter
the forests almupst daifv, Latex is weneraily col-
lecred ir the marnings. aned many workers main-
tain their trails in the afternoon or tend to private
gardens an the plantation periphery, Frequently
the entice family ooes o the sarden o work, As

e anid

acresult many residents of Bellerra are patentiaily
exposerd 1o infected svlvatic vestors,

The administration of the plantasion condicied
acensus of Belterra in December, 1977 and lound
a ol of 4,083 peaple resident there, Al age ad-
Justments made in this study used 1his eensus as
the standard poputaiion,

A total of three seralogical surveys have heen
mude in Bellerra, The frst was condueted in 1972
and sampled 161 peaple over the awe of 10 vears.
Noomformation 1= available s 1o the sampling
frame u=ed or criteria for selection of peaple into
thiz swrvey: In Aprll 1978, during the peak of the
MAY wirds outhreak, another serological suryvey
was macke. This sample contained 327 sera which
represcnted oll ape sroups amd ol residentizl
areas. While no formal sampling frame was es-
tablished, s random sample was attempied. The
fmal surver was made during July 1978, after 1he
el of the MAY virus outhreak. This was a stral-
Hied random sample of 104 of all socupied house-
hobds. During thiz surves all ocoupants of seleeted
houses were bled and guestioned for a history of
Hiness compatible with MAY virus infection, Pen-
sle oot at heme during the initial visit were ae.
tively =ouzht, and with repeated visits virtually
atl residents were sampled,

Sera callected in each survey were tested for the
prezence of hemagplutination inhibiting (HI an-
by o MAY virus using a reference strain of

MAY virus isolated from narthern Breasl and fole

LEDUC, PINHEIR(, AND TRAVASE0S DA ROSA

lowing standard procedures "' Many samples
were later confirmed By neutealization tests,

Informatien was gathered 1o construct an epi-
demic curve to depict the outbreak of MAY wvirus,
Cases were identilied based on clinfcal svouptaorms
characteristic of MAY virus infection, namely
suclden onsel of fever. headache and arthralgia,
with ar without rash, ™ In order 1o acguire this
information, & houwse-to-house surver of every ae-
cupicd household was conducted during the last
week of May and people were questioned Tar o
history of iliness compatible with MAY wirus in-
feomoen, An estimate of the number of cases with
onsel it Juns was extrapalated feem resulls of the
clinfeal guestionnaires given during the survev
made in v,

HESULTS

Epideniec curve
Figure 3 presents a diasram of the epidemic
curve fus the outbreak of MAY virgs in Bellerra
Results presented here are based on the clin
Ristories froms 3,941 praple qguestioned dusing 1he
last week of Mawv, and for the June cases, fram
the 109 stratified random =ampde made in Juiv.
There re:ulis indicate that the oumtbreak began in

Brecembier 1977, reached a peak in April, and the
last cases were detected during June, 1978, Active
transmissian spanted o period af appraximately
i menths. The first cases identified lived a0 Road

B, and a rowal of $G7 12039 elinically suspeet
cazes woere recorded.

Aitack vale

The serological survey made in 1977 found z
LG A% age-adiested HI antibods prevalence rate
Lo MAY virgs in residents of Belterra abave the

age of 10

vears, aml results of thiz sursvey Iy
e as an estmate of the pre-existineg MAY virus
antibody prevalence rate. The surves made in
April. at the peal of the outhreak, found an aee-
adjusted T antibody prevalence rate af ahout
£3% . in which maltes outnumbered females 701,

The Julyv aurves

woommuie after the outbreak  hadd
subssided. showed that 29.7% of the pepulation
possessed antibode to MAY virus, and the male
totermade ratio wis nearly equal. Consequently an
extirnale for the atack rate for MAY virus lased
un scrology of 1599 can be made.
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The estimates of 3 20035 uitack rate based on

clinteal histories angd 190453 Laser] oo seralnm =10
-
e -

dbviciels were ineluded in both the Aprii and July

2ol that a1 high propoaction of tose infec

feredl an overt, svmplomatic Hlness, 17

serolamea! subvess, and were also inesviewerd in
the May howse-to-house clinieal surver, Analvsis
af Lhese eases vepresenls an appartuniiy e link
the estimates derived from these Lwo sources. -
ble 1 opresemts o summiry of Lhe resulls of hoth
serologcal testing and clinieal questionraires for
L= 18 penple. Foer vorsons had g distinet wera
conversicn 10 MAY virus between the April and
Tulv survers. and of these, three had an aesociaied
fehrile illness charcteriste of MAY vitus infee.
tnn with emset in Moy, One chilid wis asvniplo-
]

rsbic. ACAfh persan baed o 2-Told jnerense in an-

lbaslv titer between the serologicnl survess nd
i leby

firlent in includine her among those with positive

Tevpdsode with arset in April, W feel con-

J F bt

OF DISEASE
HIZTQRY OF |LLNEZS COMPATABLE WITH
MELLTION, BELTERRA, PARA,

= L] J

AMONG  FEQPLE  WITH

MAYARD

RECEMNT
VIRUS
BA A TIL .

Diszzeam of the epidemic ciree Tor an aetres koof Mavare vires which occurred in Belterra, Pard,

setodagy and associated clinical Hiness since her

iness dncluded zll the svmptoms characteristics

af MAY virus infection and the onset of ATploms

wits pricy 1o the actual surves. Thus, of fv [reT-
st with posizive seralogy, foor 3000 had asso-
ciated olinical tlees: Eleven people had no se-
current MAY
thfection, either lackine anthady or with andibely

relogicsl evidence of a Virts
Ller unchaungzed belwesn the survevs. OF these,
nine (825 | were asvmptomatic anc twea 1185 harl
chinical symptoms of fever and arthralsia bu ne
E e
child suffered o fehrile cpisade with onset in

rash, Two remaining cases are question

March prioe s the frsl survey in April, and bl
a LR MAY antibody liter at bath Bleedings, The
other, an arlult, was zovmplomatic with g Z-éall
rise i liter between bleedings,

Anather extmiue of the proportian of those chn
wallv tl among thoae infecied with MAY virgs
con b mande bieesd an Che Apeil seralogical sumces
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Swmpmry af resndts af sevological tesrlng for anfihedy Lo

Mevery vires and vesponse fo clinicel guesrionuaives
For 18 peaple sampled hotl in the Apeil g July se.
vodopicad swevevs and alis queitipned fn May for proy
v ewrrgnt Mavare-(ike dliwers: Belterve, Pard, Brazii,

PO

st WAl S

With titer rize

Semplatmnatic 3 M o R0 Abaw
W F 0 1] Mooy
2 F A0 16D Agpnl
w F 0 A Maw

Asymplomalc i F I

Without titer rise

Symplomatic 1 L G Al
26 M 7] 0 Apnl

Asvmipramalic i F G 0

F o) 160

I i il

Al i u

b} ¥ L

Al a ul

i 4] i

] iy 40

Al At |

Questinnable staius

R iRt HIA TR ¥ 50 80 March

Asvmptomitic 4 T -

I this suwrvey, 227

KE

QCIS0nE Were fuestioned i
Bled, and 71 were Sowned Lo have antibody to ATAY
virus, From the census, 7039 of the 327, or 230
people, are expuected o be above the age of L0
vears and owould be at risk of pre-existing antl
body. At the 1972 estimated rate of 10.3% ., 24 of
these 230 people would be expected to have an-
Littaely peioe to the 19728 outhresk, The results af
guestions directed at past elinical iieess mocle
during the April survey are shown In Table 20 and
indicate that of the 71 antithedy positive person:
questioned, 25 wers asvmplomatic,
close 1o the 24 expected Lo have preexizsting anti-
Boely. In acdition, the geometric mean uter of an-
tibedy to MAY vires among those climcally il

This 15 vers

wits penerallv hicher than in those asyrmptomatic,
These results also indicaie that & high proportion
of those infected suffered overt illness

Disovibution of casey

Coses of MAY virus infection were obaerved in
all residential areas of Belterra; however, as

LEDUC, PINHEIRG, AND TRAVAZSOS DA ROSA

TABLE 2
Cirmical mawifestations and geomelvic meas
(GMT wegay Tl freraoies with femaggiutination-in-
fifiting antibody to Mavare viens ax foned fwog sam-
Pl of 327 persons interveemed and Bled dwring A gl
1975 in fe

filers

ifebtions

Tewver and arthraloia with

ar withoul riash -+l
Fever amd rash 1
Fever +
Asvmplomialic 23

Foral i1

* Theee af 4 were bled from the fsc Ind wees of ilincs,

shawn in Figure 2, the sreatesl concentration of
cazes was located in the enstern portions of Hel-
rerea where houses were closest to the forest. May-
aro wvirws antibody prevalence rates decressed
from east Lo wesl. and were lowest in the north-
wisl cacner of Belwerea where the population den-
sitv was greatest and where housing was fatthest
from the forest, In general, the
was 1o the forest, the high
lence rates. Characteriziic of thiz association 1= the

er that housing
o the antibody previ-

higher prevalence rotes alone Hoads 7, 8, and 0
where the popuelation dens=itn b low and houses
clv adjacent o the planation forests,
as campared to Vil 3%, alsoin the southeast part
of Beitersa, but where howses are clustered 1o-
gether and the, forest 15 not directdy adjacent Lo
most hoames.

Are I e i

Villow jever

Five faial cases z2ind ene non-falal case of VE
virns were identifieed in Belterrs between JTanuary
anld April, 1978
hazed on virgs isolation oF cosesd, serology (11 ar
clinteal iltness characteristics of Y1 infection (3L
Omset af ilness wis one i JTanuary, ane in Tel-
ruary, three in March and ane in April, All Fatal
cazes were amany males with ages ranging from
14-37 wrs. Five resided in Belrerra and one [1ved

Dinznosis of these cazes was

i o pural ares nearbae 00 227 sera drawn during
the Aprit serological survey, 349 01550 had HI an-
tihoddy 1a noe of more (i

in Brazl, and af these, 1103055900 had antiboedy to
Y virws which titered = 010 mdicative of recent
infection or multiple Y F saecination, OF these 11,
Fmar reported an acute febrile episede during the
preceding 2 months and two af these reguined hos-

iviruses known 1o exist

pitalization. In April an extensive vaccination
campaden againsl YE viros was begun among the
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residents of Belterra and thereafter oo additional
casgs of ¥F were seen.

DISCUSSIIN

Results presented here indicate that the MAY
wirns outbreak b o sebstantial impact o the
[1U§}ui£3[iﬂl‘1 resident ar Belierra. _-"L|:||:|r|.:|x'i:'r|:|.1.-c:=.1.'
20% of the entire papiiation was infected. and a
canswderably greater proportion were infected
among Lhase who resided near the planiation for-
exle In addition, a very high proporiien of those
infected sulfered o clinically apparent fllness, fre-
quently severe enough e interfere with their nar-
mal odaily activities

The distribuaion of MAY virus antibody amons
the population ac Belterea indicates a strong s
sociation between syvheatic exposure and AAY
vires infection. This is consistent with the resalis
presented 0 our subsequent report which clesely
sugmeesi that the epidemic vector in thi= agthrenk
was Haestgora: malidnem v, a mosquito species

tound mest ofien in the svivalic enviranment.”

The Fact that all aze sroups and both sexes ac-
quired anfeciion s oot aerprising consicdering the
lifestvle of this popabation.

[ztimates of the percent clinically il pmong

thoze infected are penerally not availabie for ar
poviral illnesses, althoush some edimates have
Been mede for the more commonly accurring ares.
Amang the alphavireses, of which MAY sirus is
o member, Casals and Clarke referenced o esti-
mite of about ane overl encephaliti= case per 10

infections amargr infanpts, ane per 20 amane el-
derly persoms, and aboul ane per 30 or more in
the micldle-zpe Fatee in their discussion of castern
coprine encephalitis virns ' Reeves and Flaonmen
gslimatecdt the ratie with western equing enceph-
alitis virus in the western United States to he ane
i 538 among infants aml children unider 3 veuss,
deereasing with age 1o ahowt one in 1, 130 amang
persons over 13 wears,™ Martin el al. ™ reported
that eizht of 13 serologically identificd cases of
Venezuelan cquine encephalomyelitis were clini-
cally apparent duaring investigations in Costa
Rica, Armong the Govivieases, an estimate of ape
apparent cise per 03 inapaarent cises of S0 Loois
encephalitis has been reparted,” and rabes of
L1253 wo 1210000 have been reported for Japanese
encephalitt= "™ Conaegquently, ouer estimate ol
BU% ar more of the AAY wvirus infection as leing

clinically apparent is extremely high, The Tt tha
thuse estimates were derbved gsing 1wo separate
Hows of reasoning, vet Loth concluded with similar

BH7

values, tends to support the validity of these fie-
ures. The high proportion of clinically apparent
cases may be due tooan especially virulent sirain
of MAY virus or an excepiionally suzceptible [Hof-
ulaticn I should Be noted that most estimates for
the proportion of clinically apparent cases for ar-
bovieal diseases have been hased only an over
encephalitiz, and wsually bave notinchaded milder
clitnical manifestations, as were ineluded here far
MAY wirus, Certainly when milder signs and
svmploms are included estimates will be higher.
Thiz outhreak was self-limiting, since no vac-
eine is available for MAY virus, and any attetnp
to contral o svlvatic insect vector would not have
Been feasible, either in terms of cost or locally
available technelogy, Tt is of interest then 1o notle
the characteri=tics of this epidemic in an attempt
to ddentils why transmission ceased. The epidemic
hegan with the onzet of the wet season and ended
with the onsel of the dry season This rorresponeds
to the rise and fall of abundance of the apparent
masgquite vecter, With regard te susceptible hosgs,
abwut 20% of the human populatien wis infecied,
which rafsed the overall MAY virus antibods
prevalence mate 1o pearly 30% . The final MAY
wiris antibody prevalence rte amons e sywopsi-
ed sylvan vertehrawe amplifving host, Callithriy
argentata, closely paralleled that seen amons hy
reans. alse nearly 0% % appears then that the
comlaned factors of reduced vectar shandance
due te the on-et af the dey seasnn aned fewer sis-
ceptilde hosts, both humar and solvan. resalied

in the cessation of transimission

a

The clinical similarities between MAY and chi
kRungunva (OTTTEY viruses hove been discusserd
previouslv " Similarities in o the epidemiolagy of
these viruses also exist, Perbape the moss intrizu
ing is their muleal similarity (o0 YF vire-. Buth
MAY and CHIK viruses have been isalated dir-
ing simultaneous epidemics with YF virns; CHTE
and Y virpses together
MAY and YV currently at Belterrooand previans|y
in Triniclal in 1934, in separate outhreaks near
Belem, Brozil in 1934-33. and near Alenguer,
Brazil (Pinheire, unpullizhed ohaereation= 2 3

in the Conmgo, 20 gmd

three virmses apparently wtilice noo-laman pari-
mates as amplifving hosts and the ame <pecies of
BplEaatic veclars,

Dharing urban outhresks, CHIR aml VI virnse.
are hoth transmittesd] b dedes aepepdd mosgui-
toes % Alhoceh tranamis=ien ol MAY viros b
Ao aegvms has nol been docpmented, 1l remains
a dlistinet possibdlie . With the cuarrent retnfests-
Vi Dy cles wegwepid o some paerte of Centrvsl anl
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northern South America,
ban transmission of MAY
assess his pessibility, laboraiory

LEDUC

the opportunity for ur
virus may arise, To
transmission

stuedies using this species should be initiated.

The experience al Belterra exemplifies the epi-

emie potential af MAY virus inoa susceptible
popualation and clearly establishos MAY wirusz as
a stEmificant human pathacen.
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