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ABSTRACT

Birdsarethe most important reservoirsof theinfluenzavirus. ltsmaintenanceinitsnatural hosts, including
man, allowstheinfluenzavirusto reassortsits strains. The recent report of an avian influenzaA (H5N1) virus
in humans, was in a child with fatal respiratory illnessin China, 1997. The current study was conducted to
elucidate the transportation of the influenza by birds that migrate, annually, through the both Northern and
Southern hemispheres, with special attention paid to the Vireo olivaceus [Juruviara(BR) or Red-eyed
vireo(USA)] species, which travels from the USA to Brazil, and vice versa, and the Elaenia mesoleuca
[Tuque(BR) or (USA)] speciesthat flies over the entire Southern Hemisphere. There are two species of birds,
which breed and migrate in Sdo Paulo State, Brazil, and which were demonstrated to carry Influenzavirus,
were selected. The viral particles isolated were observed by electron microscopy. The influenza virus was
detected by the House Duplex/PCR and Gloria molecular biology tests. The results demonstrated that the
Elaenia mesoleuca and Vireo olivaceus bird species are carrying the Influenza virus whilst crossing both the
Northern and Southern hemispheres. To understand the role that these migrating birds may play in epidemic

influenza, in Brazil, characterization of avian influenza subtypeswill be done.
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INTRODUCTION

Fifteen subtypes of hemagglutinin (HA) and nine subtypes
of neuramidase (NA) have been described for the influenza
virustypeA, until now. Since 1933, serarchaeol ogy studiesand
virusisolation have demonstrated that only the H1, H2 and H3
virus subtypes are maintained in humans out all subtypes have
been isolated from avian species (20). Sequence analysis of the
influenzaviruses has shown that the common ancestor for these
threetypes of theinfluenzaoriginated from theavian virus (16).
The accumulated evidence indicates that the avian reservoir of
al the influenza subtypes recognized have been recorded in
birds in most of the possible virus combinations. In addition,

thefact that South American migrating birds have been infected
by the Influenza virus during the summer in North America
supports this theory (21).

Accordingly, it has been assumed that the same avian
influenza viruses may play a role in the evolution of new
pandemic strains among humans. Emerging viral strains may
cross the species barrier, where they can cause disease and
may, on occasion be fatal in humans (19).

The emergence of new strains of the influenza virus has
been determined by interspeciestransmission, principally from
migrating birds (6).

Hatta and Kawaoka (7) reported, after the fatal case with
A(H5N1), in China, 1997 (19), that avian influenza viruses
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reappeared in poultry markets of Hong Kong, in 2002, without
human infection, but that the acquisition of properties of human
viruses by the avian viruses, currently circulating in Southeast
China, might result in apandemic.

Webster (22), suggested that international based surveillance
provides clues as to how to reduce interspecies transmission of
influenza, dueto the separation of aquatic birdsfrom other “land
based” birds. Animal husbandry practices may aso influencein
this situation.

Perkins and Swayn (12), investigated the ability of the
zoonotic influenza A/Chicken/Hong Kong/220/97(H5N1) to
increase the pathogenicity to other animals. Thisviral strainis
carried by different species of birds.

In S&o Paulo city, Brazil, 1971, 1976, Aranku (1,2),
demonstrated the presence of avian influenza by serologic
studiesinwild, resident, migrating birds and domestic chickens
which presented antibodies against A/duck/56. In Rio de Janeiro
city, Brazil, 1980, the first isolation of influenza was reported
from the stools of wild ducks (Dendrocygna viaduta) and in
the cages of exotic birds. These agents isolated were
antigenically related to both strains of A/turkey/M assachusset
/65 (HEN2) and A/duck/England/63(H1N4) (13).

Recently, in 1996, an influenza surveillance study
demonstrated a number of samples from wild, resident and
migrating birds in Brazil to be positive for this virus. These
interesting findings revea the necessity for monitoring birds
as reservairs for influenza, with the potential of alowing the
emergence of new viruses in the avian population with an
epidemic potential for humans. This matter in question
represents the aim of this present study.

In this present work it was allowed to verify in those birds
isolates the presence of theinfluenzavirus by either the House-
Duplex RT/PCR Test or InfluenzaA/B Rapid Test (GLORIA).

MATERIALSAND METHODS

Bird capturingand samplecollections

From thirthy seven birds captured, was select these species
asfollow: Elaenia mesoleuca(2), Vireo olivaceus(2), Sporophila
lineola(2), Sporophila caerulescens(2), Columbina
talpacoti(3) and Paroaria dominicana(3), for influenza
investigation. These birdsfrequent the experimental camp stations
located in Tiéte Ecologic Park-Guarulhos, |guape and Juquitiba,
al situated in the State of S&o Paulo, Brazil (Fig. 1). The samples
weregathered between the months of November 1997 and January
1998. Mireo Olivaceus was considered the most important carrier
of the Influenza virus, since this species travels between both
the Northern and Southern hemispheres. Whilst the Elaenia
mesoleuca that is original from Canada, and migrated into
Southern America, Brazil, Uruguay and Argentina(Fig. 2) (8).

Birds were captured with Japanese mist nets set up in
different typesof Brazilian habitat, according to theregulations
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Figure 1. Birds capture collection aress.
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Figure 2. Geographic distribuition of the Vireo olivaceus and
Elaenia moseleuca birds migration route.
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of IBAMA (BrazilianAnimal Protection Institute) (11). Themist
net withawidth of 12 metersand height of 3 meterswas exposed
for aperiod of 30 hourg/net for bird capture.

A tota of 69 samples were collected from 37 birds which
included wild, resident and migrating species. Oral-tracheal and
cloacal swabs were collected with cotton on meta sticks and
placed in 199 buffer solution (pH 7.2) containing 1.0% bovine
a bumin, 2000 unitsof penicillin G, 2.5 g of streptomycin, 6 ug
of gentamicine and 25 g of fungizone per ml and stored in a
nitrogen container at -196° until laboratory manipulation.

Influenzaisolation in cell culture(10)

Samples (0.2 mL) were used to inocul ate two types of tissue
cultures: MDCK (caninekidney) (ATCC-CCL34) and NCI H 292
(“Carcinoma Mucoepidermoides’ from human lung) (ATCC-
CRL 1848) in the presence of trypsin. Both cell cultures were
incubated at 33°C. The cells inoculated were observed daily.
After three passages, if cytopathic effect was not detected, the
hemadsorption was not seen or hemagglutinin activity was
absent in both cultures, these sampleswere considered negative
the presence of influenzavirus.

| dentification of isolates
Hemagglutination test(HA)(9)

Hemaggl utination titerswere determined at room temperature
inamicrotiter system. Serial two fold dilutionsof virus (25 uL)
in phosphate buffered Ph 7.2 were mixed with 25 uL of a
suspension of 0.5% of rooster erythrocytes. Hemaggl utination
titersweredetermined after 1 h., and are expressed asthereciprocal
of the maximun dilution of virus that caused complete
agglutination.

Hemadsor ption test (10)

The cdll cultures, MDCK were tested after 2 days of the
isolatesinoculation. 0.1 mL of a0.5% suspension of erythrocytes
of guinea pig were deposited on the cell line infected. After 30
minutesat 4°C, ispossibleto detect hemadsorption hemaggl utinin.

Ultrastructural detection of virusparticles- negative staining
(4.5

A digita pippete was used to place adrop (10 pL) of viral
suspension on the collodion-carbon-coated surface of a copper
grid. Excessfluid wasremoved with tornfilter paper. A drop (10
pL) of negative stain (PTA) was then added. Excess fluid
removed with torn filter 1 h, then placed at 4°C overnight, and
then examined in the electron microscope Zeiss EM 109,
operated at 80 KV, and the virus particles were photographed.

Influenzaa/b rapidtest (GL ORI A: gold labeed- optically- read-
immunoassay)

Influenzavirusisolateswere characterized by InfluenzaA/B
Rapid Test (Roche Laboratories), as follows: the test principle
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is based on the Roche diagnostics: GLORIA (gold-labeled-
optically-read-immunoassay). In this test is detected the vira
nucleoprotein and viral nucleic acid, that are released by lysing
the influenza virus envelope with Lysig/Elution Solution. The
test usestwo pairsof monoclonal antibodiesto specificinfluenza
A and other specific influenza B. Both antibody pairs are
conjugated to either biotin or digoxigenin. In the presence of
the viral antigen, a sandwich complex isformed, consisting of
the biotin- conjugated antibody, the nucleoprotein, and the
digoxigenin- conjugated antibody. When thetest strip is placed
inthe reaction cup, the complex migrates chromatographically,
with solubilization of the colloidal gold particlesincorporedin
the red pad of the strip. The colloidal gold particles bind to the
digoxigenin of the complex, which isthen bound by the biotin
to theimmobilized streptavidin onthe strip (positiveresult line).
Any excess gold particles continue to migrate to the second
line (controal line), which then becomes visible. This indicates
the correct chromatographic migration. None cross reactivity
occurs with other probable respiratory viruses or other
organisms as bacteria or fungi, as is informed in the package
insert of the InfluenzaA/B Rapid Test Kit.

RNA viral extraction (3)

Vira RNA wasextracted from both influenza(mediumtiter =
64 HAU) and Newcastle (128 HAU) virus strains by technique
utilizing amixing of 250 pL of the virus suspension and 750 pL
of the Trizol reagent (Gibco, BRL) with the addition of chloroform
10% (Merck). The samples were then mixed thoroghly
homogenized (sample+trizol) by vortexing for 15 sec and kept
onicefor 5min, after thisthey were centrifuged at 12000 g for 15
min at 4°C. The supernatant wasremoved avoiding theinterfase.
Cold isopropanol was then added (Sigma®) v/v and mixed by
vortexing for 5 sec. Samples were then incubated for 15 min on
icebefore centrifuging at 12000 g for 15 minat 4°C and discarding
the supernatant. To thispellet, 800 L of cold ethanol wasadded
(75%), Merck® and mixed by vortexing for 15 min (increasing
thevel ocity enough to ressuspend the pellet), before centrifuging
at 9000 g for 8 min at 4°C and discarding the supernatant.

Finally, 20 L of distilled water DNAse, RNAse free was
added plus 1 pL of Ribonucleaseinhibitor (RNASIn- Promega®)
and triturated well with a pipette until the pellet dissolved. This
material was stored at -70°C until performance of the reverse
transcription technique. The calcution RNA was based on
spectrophotometric analysis at 260 nm.

Houseduplex rever setranscription/PCR (18)

REVERSE TRANSCRIPTION/PCR was performed in two
steps. For thefirst pre-transcription step, 4 UL of eachviral RNA
wasaddedto 5 L of primer PLF(NDV) plus5 L of primer PcDNA
(flu) and 1 L of TNE, totaling 15 plL. Thereaction wasinactivated
at 95°C for 3minfollowed by 50°C for 15 minfor hybridizationin
aGeneAm PCR System 2400 thermocycler (Applied Biosystems
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Inc., USA). The pre-transcripts were kept on ice. In the second
step at the 15 L of the pre-transcripts were added 200U of (RT)
(SuperScript™ I1 —Gibco BRLR) diluted in buffer enzyme (50mM
TrisHCI (pH 8.3), 7.5mM KCL, 3mM MgCl2); 10mM DTT; 1.5
mM of each dNTP (dJATRAGTRAGTR, dTTRACTP), dCTP)
Gibco BRL and 20U of Ribonuclease Inhibitor (RNAase OUT-
Gibco BRLF), totaling avolume of 40 L. Thetranscription was
performed at 42°C for 1 hinthesamethermocycler followed by 5
min at 95°C for RT inactivation. The cDNA was stored at - 70°C.
Rnase free water was used as control.

PCRREACTION: 10 uL. cDNA wereamplifiedinavolumeof
100 pL containing 10 L. PCR buffer 10X 20mM Tris-HCI pH
8.4,50mM KClI, 3.0uL 1.5mM MgCl,, 16.0 uL 1.25mM dNTP,
49.5L H,ODEPC, 2.0L primer PLF-NDV), P2R(+NDV) 2.0l
PcDNA(-; FLU), 4.0 uL primer REV (+; FHlu) and 0.5 L (2.5U) Teq
polimerase. Thisreaction mixturewaswarmed at 94°C for 5min
and 35 cyclesof 1.5 minat 94°C, 35 cyclesof 2 min at 50°C and
5minat 72°C. Theamplified product wasanayzed by 1.5% agarose
gel eetrophoretic run 100V and bands stained with 0.5 pg/mL
ethidium bromide, were documented by Gel Documentation
System 1000 (Mode: Eagle Eye |l — Stratagene—USA).

RESULTSAND DISCUSSION

Of the 37 birdsstudied (atota of 69 samples: 32 oral-tracheal
and 37 cloacal), 10 presented positive resultsin one or both of
typesof thesamples, in cdll cultureof either NCI-H 292 or MDCK
cells, with a cytopathic effect and activing hemadsorption test.
Each viral isolate cultivated in cell culture lines was tested for
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hemagglutination test with a suspension of 0.5% rooster
erythrocytes, presenting an hemagglutinin titer of higher than
4HAU (Tablel).

Theisolatesthat replicated in cell culture were examined by
electron microscopy. Their appearance was spherical with a
diameter of 35t0 90 nm. The surface of the particleswascovered
with short spikes, typical of theinfluenzaviruses (Fig. 3).

The 10 hemaggl utinating agents from 37 birds was tested
House Duplex PCR and Gloria Tests. In both tests, the isolates
from both the migrating bird species, Elaenia mesoleuca and
Vireo olivaceus, tested positive for influenzavirus (Fig. 4).

All isolations performed on samples from the tracheal and
cloacal swabs of the birds presented positivity in 10 of 37
birds. Thus, 27% positivity is very a much higher rate than
those found by Webster (20) (1.6%); Yamane (23) (4.12%);
Graves(6) (2.06%) and Sinnecker (10.5%) (17). Themgjority of
theisolates were obtained more from the cloacal (71.4%) than
from oral-tracheal swabs (28.6%), also verified by these cited
authors.

In the past, serological tests performed on Elaenia
mesol euca and on chickens reveal ed the presence of antibodies
against influenzaA/England/57 (1,2,11). Inour study, weisolated
Influenza A from two birds of the same species (LE6712 and
LEG6715) cited. These observations suggest that these birds
may have been involved in the dissemination of the influenza
virus during twenty eight years in the same area where they
were captured in that timeand recently in Sdo Paulo State, Brazil.

The Influenza virus was isolated from two Mireo olivaceus
migrating birds, which are native to the American continent.

Table 1. Samples collected from species of birds captured in different areas and habitats of Sdo Paulo State, Brazil, with positive

resultsfor influenza virus(e’ 4hau).

Samples Scientificname Popular name Collection
Brazilian American Habitat Area Date
LE6712(cloacal)  Elaenia mesoleuca™ Tuque Olivaceus€elaenia Wood Guarulhos 04/11/97
LE6715(cloacal)  Elaenia mesoleuca™ Tuque Olivaceus€elaenia Wood Guarulhos 04/11/97
LE 6744(oral) Soorophilalineclaw Bigodinho Lined seedeater Coop lguape 12/11/97
LE6744(cloacal) Sporophilalinecla™ Bigodinho Lined seedeater Coop lguape 12/11/97
LE 6745(coral) Soorophila caerulescens™  Papa capins Doblecollared seedeater Coop  Iguape 12/11/97
LE6745(cloacal)  Sporophila caerulescens™  Papa capins Doblecollared seedeater Coop  Iguape 12/11/97
LE6751(cloacd  Vireo olivaceus™ Juruviara Red eyed vireo Coop lguape 12/11/97
LE 6781(oral) Columbina talpacoti " Rolinhacaldodefeijdo  Ruddy ground dove Wood Guarulhos 12/11/97
LE6781(cloacal) Columbinatalpacoti ™ Rolinhacaldodefeijdo  Ruddy grounbd dove Wood Guarulhos 12/11/97
LE6782(cloacal) Paroaria dominicana R Galo de campina Red cowled cardinal Wood Guarulhos 12/11/97
LE 6783(oral) Paroaria dominicana R Galo de campina Red cowled cardinal Wood Guarulhos 12/11/97
LE6783(cloacal) Paroaria dominicana ® Galo de campina Red cowled cardinal Wood Guarulhos 12/11/97
LE6784(cloacal) Columbina talpacoti ™ Rolinhacaldodefeijdo  Ruddy ground dove Wood Guarulhos 12/11/97
LE6840(cloacal)  Vireo olivaceus™ Juruviara Red eyed vireo Wood Juquitiba  28/01/98

R -Resident birds W - wild birds M - migrating birds.
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Figure3. Micrografy of negative stain, bird sample - LE 6840.

Thesebirdsresidein Brazil from September to May, and reports
of their presence in North America lead us to speculate the
broad spread of the influenza virus that may occur during this
journey.

Influenza can be transmitted by the faecal-oral route in
untreated water, which could represent the major method of its
transmission from the migrating birdsto domestic fowl and pigs
or even to man, as was reported by Silvanandan (15).

In addition, the presence of the domestic and lower
mammalians in this study area where the avian species were
infected with Influenza, may act as the reservoirs of the new
pandemic strains of human influenza viruses, as suggest by
Webster (21).

Whilst the number of the birds studied from each specieswas
relatively small, the positivity demonstrated for influenza virus
represented relatively large proportion of the migrating birds (4
out 10 of birds were positive for influenza). This result is in
agreement with Sharp (14), who reported that these species may
participate in the transport of these agents and the maintenance
of itsinterspecies cycle in severd regions and countries, at long
distance.

a) Influenza rapid test - gloria (gold-labeled-optically-read-
immunoassay)

Control (+)
Control (-)

- Av.6751 CI
Av.6715 Or
Av.6712 CI

-

___ CL=Control Line

__PRL = Positive Reaction Line
6751, 6715 and 6712 are Influenza
Posititve Isolate Samples

b) House duplex RT/PCR

Molecular

weight
300/
- Newcastle
Influenza
type A

Lane 1 - MW (Size Standard 500 TM Tamra = 100bp)

Lane 2 to 4 - House Duplex PCR product after amplification with primer
specifics to NP gene of Influenzavirus Samples (LE6712 and LE6715 -
Elaenia mesoleuca LE6751 - Vireo olivaceus)

Lane 5 - Control of Influenza type A (H3N2)

Lane 6 and 7 - House Duplex PCR product after amplification with primer
specifics to NP gene of Parainfluenzavirus NDV- Newcastle Disease Virus
(inactived) and NDV-Newcastle Disease Virus

Lane 8 - Negative Control (H20)

Figure 4. Influenza detection by gloria rapid test and house
duplex PCR

Further study is in process in order to obtain the
characterization of the subtype of theseinfluenzaisolatesin these
migrating birds. Molecular methods, such as nucleotide
sequencing is being used to verify whether the circulating
influenzaisbeing brought to Brazil or carried out of the country.
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RESUMO

Investigacdo deinfluenza em avesmigratérias,
principal reservatorio etransportede
influenza no Brasil

Osmaisimportantes reservatdrios do virusinfluenzaséo os
passaros. A manutencdo do virus influenza em hospedeiros
naturais, inclusive o homem, permite que esse virus realize
rearranjos entre as suas cepas. O recente relato de uma cepa
influenzaaviariaA(H5N1), em humanos, sedeu em umacrianca
com doenca respiratéria fatal, na China em 1977. O presente
estudo foi conduzido para e€lucidar o transporte da influenza
por péassaros que migram, anualmente, através de ambos
hemisférios 0 do Norte e do Sul, com especial atencéo voltada
a espécies Vireo olivaceo [Juruviara(BR) e Red-eyed
vireo(USA)] que vigiado USA parao Brasil, evice-versa, e a
espécie Elaenia mesoleuca [ Tuque(BR) e (USA)] que voa por
todo o Hemisfério Sul. Essas espécies de passaros, que residem
emigram em Sdo Paulo, e que demonstram transportar o virus
influenza, foram selecionadas. As particulasviraisisoladasforam
observadas por microscépio eletrénico. O virus influenza foi
detectado pelos testes: House Duplex/PCR e Gloria. Os
resultados revelam que os passaros das espécies. Elaenia
mesoleuca e Vireo olivaceus sdo transportes do virus influenza
enguanto cruzam ambos Hemisférios. Para o conhecimento da
funcdo que os passaros migratérios podem desempenhar na
epidemia de influenza, no Brasil, caracterizacdo dos subtipos
deste virus est&o sendo realizados.

Palavras chave: aves migratorias, virus dainfluenza em aves
brasileiras
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