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. Vírus epidemiology combines the virus introduction and the presence of susceptible
hosts and virus vectors. The citrus tristeza virus (CTV) was introduced in Brazil from:;;.

-; Argentina and because the presence of the aphid Toxoptera citricidus and susceptibleIr combination of scion/rootstock it spread throughout the country. Bean gold mosaic virus
:{ (DGMV) has been present in Brazil in dry beans crops but at vcry low incidence. After
l~'lhe expansion of soybean culture, an excellenl host for Beniisia tabaci, the virus was
~, quickly spread ai high incidence in nearby bean fields causing severe losses. Tospoviruses
i', are the rnost important viruses in horticultural crops in Brazil. A survey in Brazil dernon-
~.:.

} strated that there is a virus species distribution in the country, that may indicate specific
L lnteractions among tospovirus species and the prcvalent thrips vector species or races in
( different regions of Brazil.
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~.',' 1. Introduction

I'~"~·Virus transmission and spread are lhe requirerncnts for a successful virus infection.
l: There are some intcresting pallerns of virus distribution in Brazil considering the presence
f.. of lhe virus, lhe presence of vectors and susccptiblc crops. Combination of favorable con-
f ditions are necessary for virus spread. The epidemiological puuerns of three important virus-t es in Brazil, citrus tristeza virus (CTV), bean gold mosaic virus (BGMV) and tospoviruses
~, are shown in Table I, and lhe parameters involved in the spread of thcse viruses are dis-
~. cussed in the lext.
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Table 1 - Epidemiological patlerns in Brazil.

Virus Favorable combinalions lor virus spread

TCV
BGMV
TOSPOVIRUS

Virus inlroduclion I Presence 01 vector I Susceplible crop
Presence virus I Veclor + Breeding Crop I Susceplible crop
Virus species I Veclor species I Susceplible crops
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2. Citrus Tristeza Virus (CTV)

The Citrus cultivation and proccssing is an important economic activlty in I3ra7.i1.São
Paulo State rcpresents 85%or lhe total production wiLh 200 millions uecs in 900,000
hectares.

The citrus tristeza virus is a very importam discasc of ciiruS'in Brazil. The virus is a
mcmbcr of the clostcrovirus group. It is a filamcntous, non enveloped and usually Ilcxous
particles with 2000 nrn long and 12 nm wide. It is formed by a single stranded RNA of about
20 kilobases long (I).

The virus probably has one of the most divcrsc ranges of strains with a wide range of
biological activities. There are four major groups of strains. Mild strains also exists which
are almost symptomlcss in sensitivo indicators plants.

The long period ror symptoms expression on host plants has hampered rescarch devel-
opment in CTV studies. With the introduction of the C. aurantifolia Swingle as a indicator
host, the indexing tests bccamc much fastcr and new combinations of rootstocks and scions
were developed. The symptoms expression of the CTV is associated to the susceptibility
levei of the rootstock and the scions. When the rootstock is sour orange it causes stern-pit-
ting and death of lhe infcctcd plant. No evident syrnptoms does not mean absence of lhe
virus, since tolerant varieties can grow with the virus.

The virus is comrnonly transmittcd by the aphid Toxoptera citricidus in a non-persistent
manncr (12). Due to the high cfficiency of the aphid that transmit the CTV it is almost
impossiblc to control the virus spread. Thc virus can be acquired and transmit by aphids,
usually after acquisition and inoculation Ieeding pcriods of al least 30 rnin; frequencies of
transmission are positively corrclated with lhe lcngth of lhe acquisition period up to 24 h
and lhe length of the inoculation period up 10 6 h (17). There is no latent period and infcc-
tivity is lost within 48 h of acquisition (2).

2./. Spread in Brazll

The vírus was first detected in South África anel was introduced prohably lhrough infcc-
ted buds into Argentina. Bccausc lhe Toxoptera citricidus commonly infcsting citrus
grooves in South Amcrica actcd as a vcry cfficicnt vector for CTV, it quickly spread Irom
Argentina 10 Brnzil, where in the Iorties dcstroyed ncarly 12 millions orange trcss grafted
on top of sour orange rootstocks and hecame an endemic discase. The vector is very COI11-

mon in the Brazilian conditions that makes control vcry difficult. Fortunatcly use of sweet
orange and mandarins as rootstocks controllcd lhe problem, which was complementeel star-
ting in the 70's with the succcssful cross protcction with mild strains of CTV (5).

3. Bean Gold Mosaie Vírus.

Bean gold mosaic diseasc of common beans (Phaseolus vulgaris) and severa I othcr vc-
getables is characterized by a brillianl gold mosaic paucrn on infccted lcaves anel by stun-
ted plants growth. The disease is a major constrain on dry bcans production in North,
Central and South America and in lhe Caribbcan Basin (9).

I3GMV bclongs two geminivirus group. Geminivirus is a unique group of plant virus
characterized by two gerninate isornetric virion and a single stranded circular DNA genome
(21). Gerniniviruses are currently subdivided into threc major groups (10): a) rhose that have
a bipartite genome, that are transrnitted by whiteflics (Benrisia tabaci Gennadius) and that
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__j)!Ject dicotyledonous plants; b) those that have a rnonopartite genome, that are transmitted
by leafhoppers and thal infect monocotyledonous plants: and c) those that have a monopar-
lite genome, that are lransmitted by leafhoppers and infect monocolyledonous. The genome
of lhe whiteíly-transmitted geminiviruses usualIy is divided between two DNA components,
DNA-A and -B, both of which are required for infectivity (20).

The BGMV is transmitted by lhe whitefly Beniisia tabaci in a persislent-circulative man-
ner. The Beniisia tabaci is a phloem feeding vector requiring a acquisition feeding period of
2-24 h, a inoculation access period of 2-3 h and has a latent period of 4-1 O h. Transmission
capability persistsIor approximalely 5-20 days. Thc vector comprises several biotypes/races
that may interact differently with lhe virus. The soybean plants are lhe main virus breading
source for lhe BGMV vector (9).

3./ Spread in Brazil

Brazil is lhe first world producer of dry bean crop with approximately 5 million hectares
cultivated cach year. Around I million hectares were put out production due 10 BGMV
infection in bcan crops.

The BGMV has been for a long lime present in Brazil in dry bean crops but of very low
incidence. Around 70's soybean culture had a quick expansion Irom the Southern states and
now is cultivated in most regions of Brazil. Soybean is an excelIenl host for Bemisia tabaci,
lhe vector of BGMV which multiplied in huge numbers and quickly spread the virus in
cxcccdingly high incidence in nearly ali bean ficlds causing severe losses. Fortunately, soy-
bcan has not been uílcctcd seriously by BGMV, though being susccptiblc. So fur, no vari-
etal resistance of heans against BGMV was found, ano the only tenable strategy has been to !

avoid proximity of soyhean and bean crops. Aucmpts to producc virus resistance by trans- ,I
gcnic bean plunts cxprcssing virul gcncs are undcr way.

4. Tospoviruses

Tomato spoued wilt virus (TSWV), a cosmopolitan planl virus which is spread in nature
by some thrips species. The virus causes diseasc in economically importam agricultural ve-
getable anel ornamental crops predorninantly in tropical regions (16). It has one of lhe broadest
host range among plant viruses, infecting plant spccies out of 70 botanical Iamilies (19) cau-
sing a variable range of syrnptorns. Rccently, TSWV also became prominent in temperate c\i-
mate zones, a process which was prcccdcd by lhe spread 01' Fraukliuiella occidentalis Perg.
over the Northern hemisphere.

TSWV consists of roughly spherical, envclopcd particlcs, ranging in diarneter Irorn 70-
110 nm, which are covered with surfacc projeetions. Among plant virus TSWV appears to
have a unique genome organization (11). Thc gcnomc of TSWV consists of thrce single
strandcd RNA scgrncnts, denotcd large (L), mcdiurn (M) ano srnall (S). These RNA seg-
mcnts are cornplexcd with nuclcocapsid (N) protcins to fonn pseudo-circular nucleocapsid
structures.

Though TSWV iríitially was considcrcd as a mcmbcr of a monotipic plant virus group,
molecular ano gcnornic organization dutu rcvcalcd that TSWV is a very similar to some
arthropod transmiucd animal viruses in Bunyaviridadc (7, 8). To include TSWV in this Iam-
ily a new gcnus tospovirus, was crcarcd. Rcccnt studies showcd that TSWV is not the sole
mcmber of this genus, sincc three additional spccics were recognizcd as new rnembcrs on
the bases of thcir divcrgcncc of lhe nuclcocapsid protcin (N) encoded by the S RNA. These
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new spccies were tomate chlorotic spot virus (TCSV), groundnul ring spot virus (GRSV)
and Impaticns nccrotic spot virus (lNSV) (6). Other isolatcs found in groundnut and water-
melon, although not fully charactcrizcd, havc rccently becn proposcd as a new lospovirus
spccics named groundnul bud nccrosis vírus (GBNV).

In nature, tospoviruscs are cxclusively transmittcd by severa I thrips specics in a circula-
tivc-propagative manner (21). The vector scems to acquired l~ virus only during its larval
stagc and bccomcs infcctive aftcrwards for its whole lifcspan,

Eight thrips spccics have becn describcd in lhe literature as vector of tospoviruses (14,
15, 18). Frankliniella occidentalis is considercd 10 be an irnportant vector of TSWV and
INSV in the Northcrn Hemisphcrc (21). whercas Thrips palmi is the most important vector
for GRSV in India (Palmcr).

4.1. Spread in Brazi!

The losscs causcd by tospoviruscs are scrious in Brazil. This is duc 10 lhe prcsence of a
year round high thrips population in the field, and consequently potcntial virus sources. The
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Figure 1 - Localion 01 six slates 01 Brazil where tospovirus isolales were collecled. P.E= Pernambuco,
DF= Federal Distrlct, MG= Minas Gerais, SP= São Paulo, PR= Parana and RS=Rio Grande do Sul.
Shaded areas indicale lhe areas where lhe samples were collecled during 1992-1993.
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total production of fresh market tomatoes is calculated 10 be 1.5 million tons in 25,000 hão
A rough calculation indicates that lhe tospoviruscs cause losses of US$ 25 million in lhe
tomate crop yearly (de Ávila, personal comrnunicatlon).

Tospoviruscs as TSWV has been described in Brazil since 1938 (3, 4). Sinee lhe last
decadc TSWV became lhe most thrcatcning virus discase on vcgetablc crops in Brazil.

A reccntly survey was conductcd in several regions of Brazil (15) 10 investigare lhe epi-
demiological status of tospovirus sprcad in lhe country (Fig, I). Out of 150 tospovirus iso-
lates, lhe existcncc of ai least threc tospovirus species was demonstratcd 10 occur in Brazil
using lhe classification based on lhe divergence of thc N gene (4). Isolates, identical 10
TSWV, TCSV and GRSV, were detectcd, while no isolates identical to INSV were dctect-
ed in our survey. Sixty nine isolates (46.0%) were idcntified as TSWV, 54 (36.0%) as TCSV
and 12' as GRSV (8.0%). Fifteen isolares (10.0%) did not show any positive reaction with
antibodics against the four lospovirus spccies TSWV, TCSV, GRSV and INSV. Despite lhe
limitcd number of samples randomly collected in eaeh statc, lhe isolated tospovirus species
displayed a peculiar geographical distribution (Fig. 2).

Our study dernonstrated a grcat variability and a wide distribution of tospoviruses in
Brazil as it has recently been reported, Thc resulls eonfirmed lhe occurrence of at least threc
tospovirus speeies in Brazil: TSWV, TCSV and GRSV.

The natural oceurrence of lhe virus specics TSWV, TCSV and GRSV in diflcrcnt statcs
suggcsts that lhe iospovirus situation is more complcx in Brazil than in other parts of lhe
world. While in most parts of lhe world one tospovirus spccics sccms to inlcct a ccrtain
crop, at lcast thrcc diffcrcnt tospovirus sccms 10 inlcct lhe 10malo crop in Brazil. The Iact
that INSV was not dctcctcd in this survey was not surprising since lhe occurrence of this
vírus is mainly rcstrictcd 10 ornamenlals and not 10 vcgctahlcs (22). Only one chrysanthe-
mum plant was examined in this survey.

Although a limitcd number ol' samples and crops were analyzed, lhe prcvalence of a
tospovirus species in a ccrtain geographieal region, e.g. lhe oecurrenee 01' TSWV in lhe

50

45

40

35
'"Q)

iii 30
Õ
.!!!
Õ 25
Q;
E 20::>
Z

15

10-

5-

0
PF

---

DF MG SP

_TSWV

11TCSV

OGRSV

~ TOSPO·

PR RS

States

Figure 2 -_Occurence 01 tospovirus species in six states 01 Brazil. The virus species were identilied by
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Federal District and in Paraná, TCSV in São Paulo and Rio Grande do Sul, and GRSV in
Pcrnambuco, suggcsts that these diffcrent spccics may not spread at the sarne rate in ali
statcs. This sprcad is ecologically and epidemiologically difficult to cxplain at this moment.
This different sprcad may partly bc explained by the presencc of diffcicut weeds and crops
functioning as virus sources in different states. In addition, ~e [hrips population may differ
in race and specics in the different states. Differenccs in lhe lhrips population may result iu
a preferential and diffcrcntial transmission.

The present survey showcd a characteristic regional dislribution of lhe tospoviruses.
Eilher TSWV or TCSV and GRSV predominantly occurred in the states. The 15 isolates
(10.0%) which did not show any reaction in ELISA with lhe antisera to TSWV, TCSV,
GRSV and INSV are possibly mcmbers of one or more new serogroups and eventually new
tospovirus spccics.
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