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Abstract. An outhrezk of human illness caused by Mavaro (MAYY virns acevrced in Bel-
terea, Pard, Brazil in the first half of 1975 A total of 53 cases were confirmed, 43 biv wvirus
isalation and serology, and 12 b serology alone. The dizease in Bellerra presented as a
distinct clinical syndrome characlerized by fever, arthralgia and exanthema, No faalities
could be attributed o MAY views infection. Arthealzia, accampanied by joint edems in 2005
of cases, was a very prominent sign which caused temporary incapacity in many patients.
Arthraleia was present in virtuallv all confirmed cases and persisted in seme for at least 2
months, although with decreaszing severity, Rash was present in twao-thicds of the cases, and
was either maculopapular or micropapular. The incidence of rash was higher in children than
i adelts, Contrary to arthraloia, whick started with the onset of clinical Hlness, rash wsoally
appearecd on the 5th day and faded within 3-2 days. Fover, chills, headache, myvalgia, lvmph-
adenepathy and other minor clinical manifeszations were alss recorded, and menerally per
ststed for from -3 dave. Leucopenia was a constant finding in all cazes. Mild albuminuria
was seen in four of 13 patients, and slizht thrombocvtopenia was seen in 10 of 20 cases. The

fact that viremia bevel: higher than 5.0 log,/'1:0 mt of blood were recorded in 10 patients

ratses the possibility that mar may be an amplifving host in the MAY virus rvele, The MAY
viras illnesz. as =een in Belterra, has clinical features similar to thase ohserved in [IETEON S

infected with chikunzuhva vires,

Mavaro (MAY) virus was ariginally izolated
from five humans resident in southeastern Trini-
dad in 1934 znd takes its name from Mavaro
County, Trinwdad, the county in which these peo-
ple resided. Anderson et al.? described the cliniesl
iliness asseciated with these original fve cases,
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which consisted of fever of several davs duration
and generalized svatemic complaints of headache,
chills and body pain. One patient complained of
joint pains and swelling, bul rash was not re-
ported. and 211 patients recovered without com-
plications or relapses.

An outbreak of MAY wvirgs, which accurred an
a rock quarry on the Guamd River in Pard, Brazil
in L9355, was described by Causey and Maraja.?
Six strains of MAY virus were recovered durine
investizations of this outbreak, and these strains,
along with those isolated by Andersen et al.' in
Trividad, were used by Casals and Whitman® in
their initial characterization of MAY virus, Clin-
ical illness associated with the Guama Hiver oui-
break resermbled that seen in Trinklad, Similar
clinical manifestations were exhibited in o case of
laboratory infection decumented in Belémn 1961
iBelém Virus Laborators Anoual Report, 1961,
ppe 30410, bt addittonally a transient noo-pru-
riic macular rash on the forearms was noted 2
days before onser of svmptoms. The rash reap-
peared on the 3ed dav of illness when the patien:
was afebrile bue sl viremic.
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A thicd authreak was descriled by Schaetfer et
al.bin a report on epidemic jungle fevers during
1955 in o newly formed colony of Okinawan set-
ters in eastern Bolivia, While several didflerent
etiologic agents were probably responsitile for this
authreak, onlv MAY wires was actoally isolated.
The clinical summary of the single patient from
whenn MAY wires was jsolated ts not significantly
different from that originallv described by Ander-
son et al b owith the exception that this patient
had 2 mild, reneralized maculopapular ecvihema
which appeared on the 6th day of lnes
sister] for 2 A serological survey
indicated that 10-13% of the epidemic
jungle fever observed in the setthernent could be
sttrilbated o MAY vicus mfections.

In February and darch of
af an acute febrile dizesse were observed in Bel-
Para, Brazil. and three fatalities were Te-
carded. igzaticns were begun in March and
pwoarhoviruses were identified as responsibie for
this outhreak: vellow fever (YF) and MAY, All
deaths were attributed 1o Y virus infection. :‘x
disvussion of the clinfcal Investigations of MAY
virgs s reporied here. Subscquent reperts de-
seribe the veclors and vertebrate hosts of MAY
virus wdensfied durine this outbreak, and the ep-
ilerniclogic investimations ™% A separate repott
witl actelress our WF virus suadies.

5 andd per-

davs. ol Lhose

seltlers

1678 =zeveral cases

FETTH,

Inves

MATERLALS AND METHOLS

Belwrra
cenfluence of the Tapajos and Amazen rivers in
the northern Brazgibian State of Pard, Approsi-
mately 4,000 pe v Belterra at the
fime of thiz outhreak, H:I'hhcl deceriptions of
Relierra, its enviren: and demperaphic char 'u:tn:r-
are presented in the following reparts.™

Suspect cases of AAY virus infection were ac
tvely sought thronzhoul Bellerra during invest-
wation of the epidemic, Suspect cases were defined
as any person suffering from fiver, headache and
mralmia, with or without

i a ruhber plantation located at the

vaons vesieed 1

I130%

arthralota o rash. Fe-
hrile patients were Bled and a climcal bistory was
taken, Plomd samples were frogen in Diquid nitro-
pen and tranzported 10 Belém where atlermpts
marle 1o jsoiate iraculation il
suckling mice. In four cases i which the clinical
history clearly indicated 3AY virns infection bat
viris reecovered i suckling mice, at-
termpls were made tooiselate virus by directly

Wire wviris by

Was nnl

slacuing whele Blood on confluent monolayers ol

Vero cells arown in 25-om® plastie Gasks. Virus
isolations were wlentified by Bemazeglulination in-
hitition (HI1 or plague reductien neutralization
(PRN Lests using a local reference steain of MAY
virus, Bedr 20290,

Selected ]):_{ﬁ{:n!a fram whom MAY virus was
psolated were followed throughout the courze of
their Ulness and recovery. These individuals were
Bled periocdically o determine the duration of vi-
rernia and onset of delectable antibady, Detatled
case histories were also laken from these patients
te determine the duration of clinical signs and
svmptoms of MAY virus infoction.

A strain of MAY virus tsalated during the Bel-
terra cuthreak was compared with two previously
isalater] MAY wirus strains by complement-fixa-
ten (OFL HI and PR tests following standard
procedures. ™ The MAY wvirus strains included
in these zesls were BeH 407, isolated from a febrile
patient from the Guama River outbreak in 1955,
and BeAr 20290, izolated from a pool of flae-
mosguitees collecied along the Be-
lem-Brazilia hizhway in 1560

BRLRENE S

In zn effort to ruole out other etiologic apents
which could potentially canse a clinical syndrome
simailar 1o that seen with MIAY altempts
swere made te tsolate vitus from throat washings,
spinal Nuids and steol samples collected from sus-
pect cases. lsolation attempts were made in HEP,

a= well az in suckling mive. in
acdelition, selecied sera were assaved by HI for an-
tilaody rises oo sero-conversions o rehella

virus,

el Wera cells,

ViTU S,

HESULTS
Vivus dselation and seralogy

The presence of aribralzin and razh in patients
initially raized the possihility of an outhreak of
rubella. Hemazglutination-inhibiting antibody o
rubella however, either abzent or present
withouti rise in Liter in 14 paired sera abtaoned
from laboratory ases of MAY wvirws
infection. Since no agent was isolaled from stool
snecimens collected from these patients during the
acute phase of illness, enterovirus infection was
alsn excloded as a cause of the

Mavarn virus infection was conficmed in 33
(it of 77 persons examined in Belerra during
the acute and subacule stages of their illness. Vi
rus isolations were ohtained in 43 of these pa-

Wil

conbrme:d

rash.

tients, all of whom developed an antibedy rise to

MAY witus, Primary isolation in sockling mice
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TaABLE L
Cross Acwepplutimalinn-danhitition CHIL - complement-
grzation (CF), and plague rveduction mewlralization
(PR tests betsocen protodvpe strains of Mavare virus
and a represertoliye dvain from Beiterrg

Maouse ascicle Nuid or seriem

Bedl Bedr el
Test Antigens auk 2w La23Th
HI BeH 407* 1603 320 160
BeAr 203503 140 320 160
BeH 3413768 10 124 160
Cr Beli 407 =156
BeAr 20260 =356
HeH 342376 =156
PEM BeH <07 23034
BeAr 202040 A, B0
HeH 342300 AT.424
. Pl.n:.r..-'.-'..:._;'u-.l' ars s

T Frodcgyoe Alyara vires isolated froem Moemapacys mosguics: :n
1 G
§ Human isclzie fiem Belueren

vielded 3% isolates and an additional four seea
vielded virwz when tested in Vero cell culture, ak
though nitially seszative in mice, Resolation of
virus from all 43 specimens was achieved by direct
plaguing on Vero cells, An additional 12 cases
were identificd by serological conversion using HI
wests and refevence MAY virus antigen.

A comparizon owas made between z ostrain of
MAY virus isolated during the outbreak in Bel-
terrg and twe strains previously iaolated from the
Amazon region of Brazil. Hesults of this compar-
10t are shown in Tahle 1. No siznificant anti-
ganic differences were noted between the Belterrs
and earlier strains, although some differences in
PEN titers were shaerved,

Mavaro virus was recovered from 30 of 95
Blood specimens collected from the 33 Labosatary-
confirmed cases which represent 27 patients hled
more than once, and 28 patlents from whom single
Blood samples were drawn, Virus was isolated
from 975 (21 pos (37 tested) of patients Dled doe-
g the first 24 hours following the onset of syvmp-
tams, Recovery rates decreased to 829 (14717 on
day 2, 229 (4/1%) on day 3, 79 {1/15} on day 4
and 0% (07131 on day 3. The single patient whose
blood was negative on dav 1 was actuaily bled
about 12 hours after the onset of svmptems, and
this hlood was wested in both mice and Vero cells.
This patient was not bled apain during the 1st
wiek of illness and was dizenosed only on the
basis of subsequent seroconversion. Likewise, the
three patients seen on day 2 of illness Trom whom

PINHEIRD ET AL,

TanLe 2
Chincenl menifesiotions in 43 patients from whom May-
are VIFNE Was r'sol'iﬂ.ted; Belterra, Pard, Hrasil, Jo7g

Swnsplism ar sjen x4
Faver G
Arthralgin 106
Hearlache Al
Chills 21
Myalgia 74
Rash &7
Lymmphadenepathy a3
Erizziness 42
Eve pain 38
MNausca 33
Jing edesss 23
Vomit 21
Photophohia T
[harrhea 3
Conjunchival congestion Fi

virus could net be recovered were dingnosed only
by seroconversion, The maximum virus titer oi-
served was nearly 4.0 log,, PFU/ T ml of whole
bitood, which was detected on the 1st dav of clin-
ical dizease,

Mavare wvirus could not be recovered from
theoat washings of 21 viremic patients, nor from
the spinal fuid of one viremic pacient, In addition.
novirus could be isolated from the stools of 14
MAY virns cases collected during the Ist week of
their illness.

The fact that infant mouse intracerebral inoc.
glation failed to detect MAY wvirus in four blood
samples which were subseguently shown 1o be
positive in Vero cells raized the possitulity that
thiz technique, which has besn used for all pri-
mary attempts 1o isolate MAY virus, mav not he
the Lest system Tor its detection. [n order to ine
vestigate this possibility, 18 Dleod samples known
to contain MAY virus by mouse inoculation werg
titrated in mice and in Yero cell cultares hoth un-
der fuid medium and under azar. Mavaro virus
wis recovered from all 18 samples inoculated in
Vero cells, but o oonly 12 samples in mice. The
mear virus titer was 0.4 log,, higher in cells main-
Lained under fuid medium than in those main-
Laired wneler azar, and the 12 samples positive in
mice gave lower average fiters than those tested
in cell culwre.

Clinical findings

The incubation periad of MAY virus could rot
e accurately determined; however, it was oh-
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served that one patient developed clinical signs of
illness & davs after entering the epidemic area.
Fever, arthralgia and rash were the most Tro-
guently encountered clinical manifestations of
MAY wirus infection. As seen in Table 2, fever
amd arthralgia were observed in ol 43 patients
from whom MAY virus was tsolated. Fash was
also seen in about two-thirds of these cases. Over
20% of the patienzs reported beadache, mvalgia,
and chills., DHxxiness, eye pain, nousca, vomiting,
phatophetiz, and disrrhea were referred to less
patients waried
from 2-63 vears, and both sexes were represented.
Clinical illness waeally began with zbrupt onset
af fever, dizziness, chills, and headache. Axillary
lemperalure wWas owver 3890 iR oSt cases, and
one. Arthralma was a very
prominent part of the clinical picwure. and many
patients teferred o it a: being guoile sovere.
Widste, fingers, ankles and toes were predomi-
nantly aifected, although aches in the ellows and
Enees were also often reported. Swelling of the
ahout 30% of the
cases, Several patients reported thao arthralgia
appeared a few hours hefore the onsct of fever. In
somne patients the arthralgia was so severe thar

1Ll

fregquently. The ame of these 43

reached S002°C in

allected joints was abserved §

thew wore tempararily Incapacitated,

Rash associated with XTAY virus infection con-
sisted of either small maculopapular or micropanp-
war isolated lezions which occasionally formed
small areas of confluence. Rash was generalized
in a number of patients and was more prominent
on the chest, back, arms ancd legs, with the face
less affected, Leslons were ocoasionally observed
on the hands. In zome patients the exanthema was
confined 1o the thorax or the upper limbs. Hash
was more caminonly observed among chilidren
than in alder peapie. Amonz 80 children less than
5 wears old whose parents deseribed a Mavaro-like
illngss, 71 (3950 reported rash, whereas anly 45
(5350 of 85 persons over 30 vears questioned re-
pocted rash associated with o Mavaro-like iliness,
Figurg 1 presents photographs of a patisnt with
2 typical generalized rash who was diagnosed se-
rologically as having MAY virus infection.

Headache was localized in the frontal or eecip-
ital regions, and was very severe inosome cases,
Mausea, weniting and diarchea, when present,
were usually not severe. Half of the patients pre-
sented with inguinal lymphadenopathy, often
unilateral and sometimes visible on inspection,
These were useally not painful st palpation. No
infected cuts or wounds of the lower limbs were

noted which could explain this observation. Mild
photephobia was referred Lo by just two of 43
patients. Jaundice, hepatomegaly or splenomegaly
was not observed among the patients examined.
Ne congestion of the oropharvnx was noted, norc
wis nuchal rigidity detected, Blood pressure mea-
suremenis were within normal ranges.

Clintical courie

Figure 2 preseots a generalized schematic sum-
mary af the duration of clinical manifestations of
infection with MAY wviras, ac well as the mamni-
tucle and duration of viremia anc the poset of de.
tectable HI antibody, as scen in 21 patients with
daily clinical follow up for 10 davs, and from
whom MAY wvirus was isolated, These patienls
wire also Gled periedically after the initial 10-day
follew-up, and cinical examinations were per-
formed at subzequent 1-2 week intervals. Valucs
far temperature, viremia and antibody titers are
presented as mean values with ranges superim
posed. Virermia data is presented on a log,, scale,
while antibody is presented as a log,. Tempera-
iures were measored externally in the axilla, With
the excention of the arthralgia, which persisted in
sorm patients for the duratien of the 2-month fol
low-up, clinical manifestations usually lasted from
i-3 davs. Raszh wsually appeared on the Sth day
and lasted about } davs. Hemazglutination-inhil-

iting antibocdy was detected as carly as day 3 post-
ansel, and reachend maximoam titers by day 30,
Although 211 patients seen remained sl home
during the acute stage of illness, variation was
abserved in the severity and duration of symp-
terms. Thus, whereas seme patienis became pros-

teake, in others the clinical manifestations were
relatively mild, so that they could resume their
activities Z2-3 days after the acute phase. No re
liapses were observed, and no deaths could be at-
tribaterd to infection with MAY wvirus, However,
13 days after MAY virus was 1zolated from one
patient, he became i1l with YF virus and died 5
dhave later. Yellow fever virus was recovered from
Blood and liver samples taken from this patient,

Labavatory findings

Leucopenia was seen within the lst week of
ansel in all infected persons, with counts as low
as 2300 white cells per mm?. Counts performed
after the 8th day of illness were within normal
limits. With the exception of moderate Ivimpho-
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Fiovee 1. Photoeraphs of @ patient with generalised rash due 1o Mavaro vires infection. A, thorax and ab
dermer, By abdemen: ©, calves and ankles; [, back and arm.
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Fioorre 2. Diagrammslic ssmmeany

of the-oreurrence of ians and svmpioms of Mavaes (3IAY) viras infection

as seen in 21 patiests with daily chmcal follow.up theoegh day 10 and periodic foallew-up thereafers, and fram

whar MAY virgs wis isolaced: Belterra, Pass, Brasil,

cviesis, no chanpes were observed in differential
counls, Urine coblected from I3 viremic palictls
shower] the presence of moderate amounts of ak
bumin (3=} in lowr specimens. In one of these
allarninuria coabd no longer be deteczed | oweek
laler. No red Blood cells, casts. or other patholog-
iend atterations were detected in any vrine samples
testel. Malariz parasites were nol seen in blood
enrs obtaimed from 30 viremic patients, Platelet
counts were within normal valoes in 10 paticnis,
Tt were shghtly decreased in 10 othees. Serum
Bilirubin and slutamic-pyruvico transaminase
levels were within normal fimits in s patients
pesterh, Serum slutamic-oxaloacetic transaminagse
showed a slight elevation in some patients, usually
Yess than 100 units per 100 m] of serum

THECUSR10M

[m this eutbreak, the clinical sizns of fever, ar-
thralgiz and exanthema were diagnostic for MAY
virns nfection, Both fever and arthralga were
seen in all patients from whoen virus was isolated,
and exanthema was zeen in two-thisds, This i in

LA,

contrast 1o the other teparts of MAY virus infec-
tion in which oo distinctive clinical syndratne was
detected, Thix cdistinet svntompiology was later
invatuable in aur epidemialogical stadies, hecause
patients readily recalled the disease and could fre-
guently recall the exact dates when they were i1

Arthralgia was recorded in canly one of Ave cases
i Triniclad, and not moted o the 518 patients seen
in the Guarmd RBiver outbreak o in the single pa-
temt from wham MAY virus was olated o the
Balivian stucdy, ™7 Likewise, exanthuma was
anly reparted for the Bolivian patient’ and the
pativnt with & labaratory infection in Belém, Bra-
¢il. The fact thas all confirmed patients =ecrn 10
the Belerra outhreak complained of arthraloia,
and two-1hirds presented with an exanthema. sue-
gesls that the strain of MAY vires which vaused
this outhrenk may have heen more virelent or this
pepulation more suscoptibile. Serolocical compar-
json of a MAY wirws strain lsolated during the
Beberra outhreak with two previously isolaied
straims From Bragil failed, however, Lo detect sig-
nificant antigenic differences.

Tnrizinal hymphadenopathy, wihnch wias noted
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i half the cases, bas previousiy not been reported
for MAY wvirus infection. The remainder of the
clinical manifestations including fever, headache,
chills, myalmas, disiness ancd paisen chaerved in
Belterra have been recorded in the past Licht
weterus, which was reported by Cagsey and Ma-
roda.” was not seen in Belterva. In fact, bilirabin
serum levels af six Belterra patients were within
reormzal limits, Pelviria was reported in the Beliv-
ian case,” bat was not abserved during the Bel-
terra epidemic. The finding ol mild albaminaria
in four Belterrsz cases is oilfeull to interpret,
althoush one can assume that this was a tempo-
rary alteration, since it could not be detected in
the urine of a patient sampled 1 week Iater.

Results presented here indicate that the dura-
tion of viregmia in paticnts 15 ab moest 4 davs, and
significant-titer, were observed on at least 3 of
these 4 davs, Thiz raises the possibility that mar
may serve as an amplifving host in the tranzmis-
sion of MAY wiru: during epidemics. While the
quantily of virues oeeded 1o infect [eeding veciors
haz not been determined, it appears that man may
circulate virns in o sufficient quantifies 1o infect
some feeding vectars, However, most pattents ah-
served during the acute stage of illness were not
continuing Lheir datly activities, and magy were
Besirgdclen. Conseouently, enless viremia acouss
priar to the enset of symptoms, only vectors feund
in o near residences would be expected to be ex-
posed to viremic patients.

The close antigenic similarities Detween MAY
and chikungunva (CHTKD virases have been woll
documented: ' however, 3 comparizan of the chn-
ical ilness resyulting from infection with the re-
speciive viruses has vet 1o be made. The epidemic
imvestipated in Belterra provided the first appaor-
tunity Lo observe a significant number of MAY
viras infections, Lhus allasing an cstimation of
the relative freguency and duration of clinical
sigms and svmploems. These ohzervations prosvicde
a data base which now allows us to compare the
clinical svmptomealobaey of MAY and CHIK +i-
ras-indiced dizeases.

The clinieal
ruses are found to be guite striking on compari-
son. Infection with CHIK virus, as describec fol-
lowing the first recagnized epidemic in Tansanin,'*
and later reiterated by studies in Indiz, "™ '™ Thai-
Tared M and Vietnam, "% is characterzed Ly suaededem

sirmilarities between these two vi-

onsel of high fever and Jurt pains, and Tallowerl
somewhat later by cash inthe majority of patients,
This svndrome i< jusl as has been described here

PINHEIRG ET Al.

for infection with MAY wirus. Likewise, head-
ache, mvalzia and lvmphadenopathy are fre-
gquently encountered among patients sulfering
from infection with eilher virns, The felale re-
spomse. viremia intgnsity and duration, and the
immune response following infection by each vi-
rus alza appesats to be almost identical. Perzistent
arthralzia, sceasionally for considerable lengths

of tirme, appoears 1 e g common characteristic as

woll, Lumaden repocted that the clinteal untgue-
ness of the dizease caused by CHIE virus among
Tanzanians was readily recognized by the people
and “there waz never any doubt in their minds as
Lo whether or ot thew had or haed ool experieoced
an abiack " This, toa, was pur cxperietce while
investizating the ATAY virgs epidemic in Belterra,
Hemaorrhagic manifestations, and rarelv death,
have been attributed to CHIK virus infection in
Asia '™ While we obzerved neither at Belterra,
itis possible that these characteristics may pertain
to MAY virns infections as well, but are anly seen

infreguentiy,

Experimental infectionz of rhesus monkevs
Cdfaraca madatind with hoth CHIK and MAY wvi-
ruses lave heen attempied previousiv. '™ Monkewvs
infected with efther virae showeed similar elinical
responses. More imporiantly, when these mon-
Kevs were subseguently challenged with the het-
crologous virus, noene had o detectable viremaa,
indicating cross-protection, Should this ohzerva-

tion Binld true with regard 1o bumans, it mav ex-

plain in part lhe muteally exclusive distribution
Urass-protection be-
tween these virgses glso holds relevance in terms
of vaccine production and eficacy,

patterns af these virnses.
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