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ISOLATION OF MAYARO VIRUS FROM A MIGRATING BIRD 
CAPTURED IN LOUISIANA IN 1967’ 

+ Charles H. Calisher, Ph.D.; Ernest0 Gutikez V., M.D.; 
Kathryn S. C. Maness, B.S., and Rexford D. Lord, SC.D.~ 

Mayaro virus was isolated from a bird migrating into Loui- 
siana in 1967, the first isolation of this kind. No Mayaro 
virus antibody was found in humans and birds bled in 
nearby areas. 

Introduction 

F This report describes the isolation of a 
strain of Mayaro virus from a migratory bird; 
it is the first isolation of this virus from a 
vertebrate other than man and lizards, the 
first isolation from a bird, and the first isola- 
tion north of the Island of Trinidad. 

Mayaro virus has been isolated from man 

* and mosquitoes in Trinidad (I, 2) Brazil (3) 
Colombia (4) and Surinam (5). A closely 
related or identical virus has been isolated in 
Bolivia (6). Casals and Whitman have shown 
the relationship of Mayaro to other group A 
arboviruses (7). There are no reports in the 

4 literature of any Mayaro virus isolations from 
vertebrates other than man and two species of 

: lizard (8). Serologic surveys and virus isolations 
indicate that this virus can be transmitted from 
man to mosquito to man, and that human 
infections are found most often among males 

> working in heavily forested areas (9, IO). The 
disease is generally mild, characterized by a 
fever of several days’ duration, headache, and 
body aches and pains (I). 

r Also appearing in Spanish in Boletin de la O@ina 
L Sanitaria Panamericana, 1974. 
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Isolation of the Virus 

Every spring for several years, migrating 
birds entering the United States from the south 
were captured in an effort to study bird 
transport of arboviruses. The collection site 
(near Pilottown, Louisiana, on the Mississippi 
River Delta) has been described in detail in a 
previous paper (II). It is a first stop for many 
northbound birds after they cross the Gulf of 
Mexico from either Central America, Mexico’s 
Yucatan Peninsula, or western Cuba during 
their spring migrations. Few, if any, of these 
birds remain in this particular location; they 
generally rest but briefly, a few hours to a few 
days, and then move on, though some may go 
only a few miles north of the collection site. 

In 1967, 1,300 birds (Table 1) were cap- 
tured in the Pilottown area with Japanese mist 
nets; they were then bled from the jugular vein, 
banded, and released (II). Fifty species of 
birds, representing 35 genera, were netted over 
a 26-day period. Many recaptures were made, 
but none more than 24 hours after the bird in 
question was originally caught. Two hundred 
and thirty-three orchard orioles (1cteru.s 
spur&) comprised 17.9 per cent of the total 
collection. 

Blood samples were diluted, centrifuged, and 
separated at the field location, and the sera 
were then stored on dry ice (-60°C) and sent to 
the United States Center for Disease Control 
(CDC) in Atlanta, Georgia. At CDC each 
specimen was inoculated intracerebrally (ic) 
into six suckling mice (SM) two to four days 
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TABLE l-Birds captured at Pilottown study site, Louisiana Delta, in the Spring of 
1967. 

. 

Common name Genus Species No. t 

Orchard oriole Icterus spurius 
Red-eyed vireo Vireo olivaceus 
Catbird Dumetella carolinensis 
Summer tanager Piranga rubra 
Scarlet tanager Piranga olivacea 
Red-winged blackbird Agelaius phoeniceus 
Indigo bunting Passerina cyanea 
Rose-breasted grosbeak Pheucticus ludovicianus 
Gray-checked thrush Hylocichla minima 
Yellow-billed cuckoo coccyzus americanus 
Prothonotary warbler Protonotaria citrea 
Northern waterthrush Seiurus noveboracensis 
Ovenbird Se&us aurocapillus 
Veery Hylocichla fuscescens 
Eastern kingbird Tyrannus tyrannus 
Wood thrush Hylocichla mustellina 
Hooded warbler Wilsonia citrina 
American redstart Setophaga ruticilla 
Painted bunting Passerina ciris 
Great crested flycatcher Myiarchus crin itus 
Swainson’s thrush Hylocichla ustulata 
Blackpoll warbler Dendroica striata 
White-throated sparrow Zonotrichia albicollis 
Blue grosbeak Guiraca caerulea 
Bobolink Dolichonyx orizivorus 
Cardinal Richmondena cardinalis 
Kentucky warbler Oporornis formosus 
Black-and-white warbler Minotilta varia 
Worm-eating warbler Helmitheros vermivorus 
Acadian flycatcher Empidonax virescens 
Barn swallow Hirundo rustica 
White-eyed vireo Virep griseus 
Yellow-throated vireo Vireo flavifrons 
Magnolia warbler Dendroica magnolia 
Yellow warbler Dendroica petechia 
Black-billed cuckoo coccyzus erythropthalmus 
Yellow-bellied sapsucker Sphyrapicus varius 
Black-whiskered vireo Vireo altiloquus 
Hairy woodpecker Dendrocopos villosus 
Yellowthroat Geothlypis trikhas 
Baltimore oriole Icterus galbula 
Spotted sandpiper Actitis macularia 
Eastern wood pewee Contopus virens 
Blue-winged warbler Vermivora pinus 
Swainson’s thrush Limnothlypis swainsonii 
Louisiana waterthrush Sieurus motacilla 
Tufted titmouse Pat-us bicolor 
Cedar waxwing Bombycilla cedrorum 
Tennessee warbler Vermivora peregrina 
Carolina wren Thryothorus ludovicianus 

223 
156 
134 
110 

70 
65 
60 
51 
43 
40 
36 
35 
31 
30 
29 
16 
13 
12 
12 
11 
11 
10 
8 
8 
8 

68 
5 
5 

i 
4 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 

Total 1,300 

t 
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old for virus isolation, and acetone-extracted 
(12) for use in hemagglutination-inhibition tests 
to detect antibody against group A and B 
arboviruses. 

All six of the mice inoculated with the blood 
of one particular orchard oriole were found 
prostrate or dead five days after inoculation. 
This bird, an adult male weighing 24.91 gm, 
had been netted on 22 April at 16:00 CST. Of 
49 birds netted that day 13 were orchard 
orioles, suggesting that they may have com- 
prised an associated flight group. It is presumed 
that the infected bird had come from at least as 
far away as southern Mexico, perhaps even 
from Central America or northern South 
America (13, 14). 

An alkaline suspension of pooled brains 
from the infected mice was passed to another 
litter of SM. All of the latter mice showed signs 
of illness on the third day after inoculation. 
The isolate was designated LP7-234. After an 
additional passage in SM, stock virus and 
sucrose-acetone extracted antigen was produced 
from the infected mouse brains. Hyperimmune 
mouse ascitic fluid was produced by Tikasingh’s 
method (IS), modified only in that no adjuvant 
was used. 

Virus Characterization and Identification 

LP7-234 stock virus was titrated in SM and 
three-week-old weaned mice by the ic and 
intraperitoneal (ip) routes, in young weanling 
guinea pigs by the ip route, and in primary 
Pekin duck embryo cell monolayers with a 
single overlay for observation of plaque produc- 
tion (16). This strain yielded titers of 9.6, 7.4, 
8.2,~ 2.5, Q 2.5, and 8.3 Dex3 (17) in SM ic, 
SM ip, weaned mice ic, weaned mice ip, guinea 
pigs ip, and primary Pekin duck embryo cells, 
respectively. Treatment of LP7-234 with 
sodium deoxycholate (18) reduced the titer 8.0 
Dex when tested in SM; this behavior is 
characteristic of arboviruses. Electron micro- 
scopy showed LP7-234 to have the appearance 

3Decimal exponent. A substitute for the term 
“order of magnitude.” (One Dex = 101 times, two 
Dex =102 times, etc.). 

of a group A arbovirus and to measure 55 nm in 
diameter. These findings are consistent with 
those of Saturn0 (19). 

One of the authors (E.G.V.) took a complete 
set of reagents to the Yale Arbovirus Research 
Unit in New Haven, Connecticut, where pre- 
liminary virus identification was made by com- 
plement-fixation tests in the laboratories of 
Drs. J. Casals A. and Robert E. Shope. LP7-234 
was tested with reagents prepared from 18 
group A arboviruses, including Mayaro, Una, 
Semliki Forest, Aura, Bebaru, Chikungunya, 
EEE, Getah, Middleburg, Mucambo, Ndumu, 
O’nyong-nyong, Pixuna, Ross River, Sindbis, 
VEE, WEE, and Whataroa. Reactions were 
detected only with the first three. 

In the Atlanta (CDC) laboratory, cross- 
reactivities were determined by hemagglutina- 
tion-inhibition and 90 per cent plaque reduc- 
tion serum dilution neutralization tests in duck 
embryo cells (20). The hemagglutinin of 
LP7-234 had an optimum titer of I:80 at pH 
6.2 when incubated at 37OC. 

Hemagglutination-inhibition tests (Table 2) 
indicated close relationships between LP7-234, 
Mayaro, and Una. Of the two prototypes, 
LP7-234 was most closely related to Mayaro, 
but it remained for the N test to provide a more 
definitive identification. In this test (Table 3), 
LP7-234 and Mayaro viruses reacted at the 
same titer with each other but failed to react 
detectably with the other four group A viruses 
tested. We therefore consider LP7-234 to be a 
strain of Mayaro virus. 

Unfortunately, the 1967 collection of bird 
blood specimens was not available, so retrospec- 
tive testing for antibody against Mayaro, strain 
LP7-234, could not be carried out. However, 
166 avian sera from a 1968 collection made at 
the same location were available, as well as 170 
human sera from a serologic survey conducted 
in southern Louisiana 50-75 miles from Pilot- 
town in March 1967. These sera were all 
N-tested in duck embryo cells. None of the 166 
bird sera (from 40 orchard orioles and 126 
birds of 27 other species) had antibody against 
strain LP7-234; these birds represented 15 
genera and roughly approximated the species 
distribution of the 1967 collection. Nor was 
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TABLE 2-HI cross-reactivity of LP7-234 with five group A arboviruses. 

Antigen 
LPI-2 34 

Reciprocal of antibody titer* to: 

Mayaro Una EEE WEE VEE 

LP7-234 40 20 0* 0 0 0 
Mayaro 40 LK! 0 0 0 0 
Una 10 10 40 0 0 0 
EEE 0 0 0 160 0 0 
WEE 20 0 0 10 320 0 

VEE 10 0 0 20 10 80 

* O=<lO. 

TABLE 3-N cross-reactivity of LP7-234 with five group A arboviruses. 

Virus 
LP7-2 34 

Reciprocal of antibody titer? to: 

Mayaro Una EEE WEE VEE 

LP7-234 so 80 OT 0 0 0 
Mayaro 80 80 0 0 0 0 
Una 5 5 22 0 0 0 
EEE 0 0 0 2,5120 0 0 
WEE 0 0 0 0 a 5120 0 
VEE 0 0 0 0 O- a5120 

TO = < 5. 

antibody to LP7-234 detected in any of the 
170 human sera. 

Discussion 

This first isolation of a Mayaro virus strain 
from a migratory bird suggests two alternate 
possibilities: that avian hosts may play a role in 
the natural transmission cycle of Mayaro virus 
as they do for other group A arboviruses, 
providing Mayaro virus with the potential of 
extending its present range, particularly in the 
presence of susceptible mosquito species, suit- 
able habitat, and available vertebrate hosts; or 
else that the isolation represents only a rare and 
incidental bird infection of little significance. 

The lack of antibody in the birds and 
humans tested makes the latter possibility seem 
most likely. However, given the millions of 
birds which enter the United States every 
spring, it is inevitable that many are in active 
viremia with one arbovirus or another. It has 

f 

been suggested that St. Louis encephalitis virus 
(21) and other arboviruses enter the United 
States this way each year and establish tem- 
porary foci of infection which expand to 
eventually cause epidemics or epizootics. 
Although it has never been proven that infec- 
tious foci originate in this manner, eastern 
equine encephalitis virus has been isolated from 
incoming migrant birds at Pilottown (II). 

c 

‘, 

Breeding grounds for orchard orioles extend 
from extreme southern Ontario, the north- 
central United States, and southern New 
England to northern Florida and the states 
bordering the Gulf of Mexico (13). In the 
spring, a great number of these birds leave their 
winter habitats, which extend from Colombia 
and Venezuela to northern Mexico, and funnel 
into the United States by way of eastern Texas 
and the western part of the Mississippi River 
Valley. A great many also come directly across 
the Gulf of Mexico from the Yucatan Peninsula 
to Louisiana, and an occasional spring migra- 
tion sighting has also been made in Cuba (13). 
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Many of the orchard orioles which enter south- 
eastern Louisiana by the tram-gulf route may 
be coming from the Mississippi River Delta and 

t coastal areas to the west. 
Orchard orioles have been sighted in 

marshes, grasses, reeds, bushes, and trees that 
fringe bayous and ditches. Dennis (13) has 
noted communal breeding of the orchard oriole 
in the Delta National Wildlife Refuge two miles 
north of Pilottown. Nesting began about 1 May 
and peaked in the first half of June. The birds 
were nesting in a wide variety of trees ,and 
shrubs, and even in the canebrake in marshes 
less than 100 yards from the mud flats of the 
Gulf of Mexico. 

t With this orchard oriole distribution and 
nesting behavior, local foci of Mayaro virus 
activity would be expected if introduction of 
the virus were a frequent occurrence, if orchard 
orioles do indeed serve as significant vertebrate 
hosts, and if other necessary ecological factors 
were adequate. No such foci are known to exist 
in the Gulf Coast area of the United States, or, 

4 

for that matter, in any area north of South 
America. 

Bent (13) reported that “everywhere it [the 
orchard oriole] shuns the forests and the heavily 
wooded regions, preferring the open and culti- 
vated lands, especially near human dwellings.” 
Although the regions thus far associated with 
Mayaro virus transmission to man have been 
heavily forested, it is possible that the types of 
areas preferred by orchard orioles could also 
support the virus. 

It seems more likely that the individual bird 
from which strain LP7-234 was isolated became 
infected in some as yet undiscovered focus of 
the virus in Central America or southern 
Mexico, rather than that it carried the virus all 
the way from South America. However, further 
studies of levels and duration of Mayaro viremia 
in orchard orioles and other avian species are 
required before substantial assumptions can be 
made concerning the potential of birds as 
significant hosts in the life cycle and movement 
of this virus. 
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SUMMARY 

A virus was isolated from an orchard oriole 
(Icterus spurius) migrating into southeastern 

b Louisiana in April 1967. This virus was partially 
characterized for host pathogenicities in mice 
of various ages, guinea pigs, and cell cultures. It 
was found to contain an essential lipid, and 
electron-microscopic observation showed it to 
have a diameter of 55 III-II. By means of 
hemagglutination-inhibition, complement- 
fixation, and neutralization tests, the virus was 
identified as Mayaro, a group A arbovirus. 

This is the first report of Mayaro virus being 
isolated from a vertebrate other than man and 
lizards, and is also the first report of the virus 
north of Trinidad. More than 300 human and 
avian sera from the area where the bird was 
captured were tested for antibody to Mayaro 
virus, but none were positive. 

The possible role of birds in dissemination of 
Mayaro virus and its potential epizoologic 
significance are discussed briefly. 
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