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ABSTRACT

Assis Filho, F. M. de, Deom, C. M., and Sherwood, J. L. 2004.
Acquisition of Tomato spotted wilt virus by adults of two thrips species.
Phytopathology 94:333-336.

Only larval thrips that acquire Tomato spotted wilt virus (TSWV), or
adults derived from such larvae, transmit the virus. Nonviruliferous adults
can ingest virus particles while feeding on TSWV-infected plants, but
such adult thrips have not been shown to transmit TSWV. Immunofluo-
rescence microscopy was used to show that thrips 1, 5, 10, and 20 days
after adult emergence (DAE) fed on TSWV-infected plants acquired
TSWV with virus replication and accumulation occurring in both epi-
thelial and muscle cells of Frankliniella fusca (tobacco thrips [TT]) and F.
occidentalis (western flower thrips [WFT]), as indicated by immunode-
tection of the nonstructural (NSs) protein encoded by the small RNA and

the nucleocapsid (N) protein, respectively. Adult WFT acquired TSWV
more efficiently than TT. There was no significant effect of insect age on
TSWYV acquisition by TT. In contrast, acquisition by adult WFT at 1 and
5 DAE was higher than acquisition at 10 and 20 DAE. Subsequent trans-
mission competence of adult cohorts was studied by vector transmission
assays. All adult thrips tested that had an acquisition access period as an
adult were unable to transmit the virus. These results indicate the
susceptibility of adult TT and WFT to infection of midgut cells by TSWV
and subsequent virus replication and confirm earlier studies that adult
thrips that feed on virus-infected plants do not transmit the virus. The role
of a tissue barrier in TSWV movement and infection from midgut muscle
cells to the salivary glands is discussed.

Additional keywords: adult acquisition, immunolabel, thrips transmission.

Tomato spotted wilt virus (TSWV) is the type species of the
genus Tospovirus in the family Bunyaviridae (23). The virus is
transmitted by several thrips species in a propagative manner
(7,18). The interaction of TSWYV and thrips that leads to virus
transmission has been intensively studied (reviewed in literature
citations 16,18). It is generally accepted that only larval thrips
that acquire TSWV or adults deriving from such larvae transmit
the virus (13,15,19,22). Although Ullman et al. (19) initially re-
ported TSWYV in the cytoplasm of midgut epithelial cells of
Frankliniella occidentalis (western flower thrips [WFT]) fed on
TSW V-infected plant as adults, it was later determined that this
likely was not TSWV that was observed (21). Cho et al. (3) used
enzyme-linked immunosorbent assay (ELISA) to assay for
TSWYV in nonviruliferous thrips 8 days after being transferred
from an infected to a healthy plant, and found that the virus per-
sisted in thrips for a period too long to be attributed to the virus
being limited to the gut lumen. In two recent independent reports
of TSWV acquisition by adult thrips, virus acquisition, but not
transmission, was observed (11,12). In both studies, virus infec-
tion was restricted to epithelial cells at midgut-1, and virus was
not detected in the surrounding muscle fibers.

We have studied the dynamics of TSWV replication in the
alimentary canal of F. fusca (tobacco thrips [TT]) and WFT at all
developmental stages (larva, pre-pupa, pupa, and adult) upon
acquisition at the first instar larva (2). In the present study, TSWV
acquisition by TT and WFT fed on TSWV-infected plants as
adults was investigated, and the dynamics of virus replication and
accumulation within thrips infected as adults in conjunction with
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virus transmissibility were determined. A preliminary report has
been published (1).

MATERIALS AND METHODS

Thrips colony. TT and WFT were reared and maintained at
room temperature with 24 h light. Pods of green beans (Phaseolus
vulgaris L.) were used as food and changed every 2 days. One
week prior to virus acquisition access, the thrips were transferred
to TSWV-free Emilia sonchifolia for acclimation. Initial and
periodic confirmations of thrips species identity were done using
morphological characters of adults (8).

TSWYV dynamics within the adult thrips. Thrips 1 to 2 days
after emergence (DAE) from pupae as adults were given a 16-h
acquisition access period (AAP) to TSWV-infected E. sonchifolia.
Samples were taken immediately after the AAP, coined 0 hpa (hour
postacquisition), and up to 35 days postacquisition (dpa) to inves-
tigate TSWV dynamics within the adult thrips. Both TSWV rep-
lication and accumulation were evaluated by immunofluorescence
microscopy. The experiment was replicated three times for both
TT and WFT.

Virus acquisition by adult thrips. A previously described
TSWYV isolate (14) maintained on E. sonchifolia was used. For
virus acquisition, subpopulations of approximately 400 adult
thrips were separately caged and given a 16-h AAP on detached
leaves of TSWV-infected E. sonchifolia at 1, 5, 10, and 20 DAE.
The insects were transferred to green bean pods after the AAP.
Samples composed of 24 individuals were randomly taken at
10 to 14 days after AAP, and virus replication and accumulation
in the midgut were evaluated by immunofluorescence assay. The
experiment was conducted twice for each species, with five repli-
cations in each experiment. Statistical analyses were performed
using analysis of variance (ANOVA) (SAS Institute, Cary, NC),
with the percentage of labeled alimentary canals of each species
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Fig. 1. Immunolocalization of Tomato spotted wilt virus infection in alimentary canal of two thrips that acquired the virus by feeding on infected plant at the adult
stage. Antigen detection by immunofluorescence microscopy coupled with a monoclonal antibody A to F, against nonstructural protein or G, against the
nucleocapsid protein. A, Alimentary canal from tobacco thrips (TT) 4 days postacquisition (dpa) showing bright green spots at midgut 1 (mgl). B, Alimentary
canal from western flower thrips (WFT) 2 dpa showing extensive bright green label at mgl. C, Alimentary canal from WFT 2 dpa showing both bright spots and
bright area at mgl. D, Alimentary canal from WFT 11 dpa showing both bright green and lattice pattern at mgl. E, Alimentary canal from TT 27 dpa showing
extensive bright green label at mg1 and the lattice pattern at midgut 2 (mg2). Insert: higher magnification of mg2 region showing the lattice pattern label (muscle
cells). F, Alimentary canal from WFT 16 dpa showing the lattice pattern at the whole midgut, cardiac valve (cv), and foregut (fg). G, Alimentary canal from WFT
10 dpa showing granular fluorescent label at midgut.
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as the dependent variable. Differences referred to as significant
are at P < 0.05. The experimental design was a split plot with
species as the main plot, age as subplot, and five replications. The
age effect was tested by one-way ANOVA.

Immunofluorescence assay. The whole-mount immunofluo-
rescence staining technique (10) was used with modifications as
described previously (2). Briefly, dissected alimentary canals were
fixed with cold acetone; nonspecific binding sites were blocked
with 5% nonfat dried milk. The primary antibody used was either
a monoclonal anti-nonstructural (NSs) antibody for detection of
virus replication or a monoclonal anti-nucleocapsid (N) antibody
for detection of virus accumulation. The secondary antibody was
conjugated to a fluorescent tag (Alexa Fluor 488 goat anti-mouse
immunoglobulin G (IgG) conjugate, Molecular Probes, Eugene,
OR), which allowed visualization with a fluorescence microscope
(Model Labophot, Nikon Corp., Tokyo) equipped with a photo-
metrics digital camera (Roper Scientific, Trenton, NJ). The fol-
lowing controls were used: alimentary canal from adult thrips fed
on TSWV-free E. sonchifolia; no primary antibody; no secondary
antibody; and a monoclonal primary antibody specific against an
unrelated virus (Peanut stripe mosaic virus).

Virus transmission. A biological assay was used to determine
if thrips fed on TSW V-infected plants as adults were able to trans-
mit the virus. Groups of 10 to 50 individuals were confined to
TSWV-free E. sonchifolia seedlings for an inoculation access
period of 5 days. Three days later, ELISA was used to assay plants
for infection. Virus-free control insects were similarly processed,
except virus-free leaves were used as the feeding source.

RESULTS

TSWYV dynamics within the adult thrips. The dynamics of
TSWYV infection within the alimentary canal of thrips following
acquisition at the adult stage were similar in both TT and WFT.
The first sign of specific label was observed as soon as 0 hpa. The
label was observed as bright green spots, extensive bright green
areas, or a mixture of bright green spots and extensive bright
green areas (Fig. 1A to C). At later days after AAP, the bright
green label was not as evident and a nascent lattice pattern was
observed with the bright green pattern (Fig. 1D). As soon as
4 dpa, the label observed was a bright green pattern in midgut-1
and a lattice pattern in midgut-2 and midgut-3 (Fig. 1E). As the
infection front appeared to progress, the foregut and cardiac valve
showed specific label characterized by the lattice pattern (Fig.
1F). No label was seen at the salivary glands or at the ligaments
that connect those organs to the midgut.

Virus acquisition by adult thrips. A total of 2,040 insects fed
for 16 h on either healthy or TSW V-infected leaves were used for
immunofluorescence assay to evaluate TSWV acquisition by
thrips fed on TSW V-infected plant as adults. From the subpopu-
lation that fed on TSW V-infected plants, a total of 565 out of 960
alimentary canals dissected from TT and 750 out of 960 from
WFT were specifically labeled, indicating virus acquisition. Hence,
WEFT acquired TSWV more efficiently than TT. Both the NSs
(Fig. 1F) and the N (Fig. 1G) proteins were detected, showing
similar distribution along the alimentary canal, characterized by
initial label of midgut epithelial cells followed by muscle cells.
The label by anti-N antibodies was granular in appearance in con-
trast to the lattice pattern characteristic of anti-NSs. No label was
observed on the alimentary canal from thrips fed on TSWV-free
E. sonchifolia as well as in the other controls. There was no
significant effect of insect age on TSWV acquisition by TT. In
contrast, WFT that acquired the virus at 1 and 5 DAE differed
statistically (P = 0.05) from those that acquired the virus at 10
and 20 DAE (Fig. 2).

Virus transmission. Transmission competence of adult cohorts
was studied using a vector transmission assay. Over 2,000 thrips
were used in transmission assays. None of the thrips assayed

caused infection on E. sonchifolia, indicating that all adult thrips
tested that had an AAP as an adult were unable to transmit the
virus. These insects had been randomly taken from groups that
were positive for TSWV acquisition by immunofluorescence
assay.

DISCUSSION

Thrips fed on TSWV-infected E. sonchifolia at 1, 5, 10, and
20 DAE as adults from pupae were able to acquire the virus as
indicated by detection of both NSs and N proteins by immuno-
fluorescence microscopy using the dissected alimentary canal.
Despite virus acquisition, no transmission was observed when
infected thrips fed on the experimental host E. sonchifolia. Most
reports on the absence of TSWV acquisition by thrips fed on
TSWV-infected plants as adults are based on indirect evidence
inferred by the lack of transmission (6,15,17). The use of micro-
scopy coupled with high-quality antibodies provided the means to
evaluate acquisition uncoupled from transmission. This study
shows that ingestion, acquisition, and transmission of TSWV by
thrips are distinct processes. Ingestion refers to TSWV entry into
the alimentary canal of a thrips along with the food, which may
or may not lead to acquisition. Acquisition refers to virus infec-
tion of the thrips cells, and transmission refers to infection of a
healthy host by TSWYV inoculated by thrips.

The use of immunofluorescence microscopy coupled with two
monoclonal antibodies specific against the TSWV-NSs protein
and the N protein indicates virus replication and accumulation
within the thrips alimentary canal, respectively (2,4,5,20). It was
shown that TSWV acquisition occurs when adult thrips feed on
TSW V-infected plants. There was no difference in the pattern of
virus acquisition/accumulation in TT and WFT. The midgut
epithelial cells were initially infected followed by muscle cells.
Infection of midgut muscle cells following adult acquisition has
not been reported previously. The virus dynamics differ from
when acquisition takes place at the larval stage (2) by the absence
of virus in the ligaments and the salivary glands. This distinction
predicates transmission (9,11,22) and supports previous reports
that the ligaments are the routes of TSWV from the midgut to the
salivary glands (2,10).

The results presented here on TSWV acquisition by adult thrips
do not have epidemiological implications because the thrips that
acquire TSWV as adults cannot act as a vector nor can they be a
source of virus to the progeny because TSWYV is not trans-
ovarially transmitted. However, the detection of TSWV replica-
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Fig. 2. Tomato spotted wilt virus acquisition by Frankliniella fusca (tobacco
thrips [TT]) and F occidentalis (western flower thrips [WFT]) determined by
immunofluorescence microscopy. Means * standard error are presented for
five replications, with 24 alimentary canals per replication used to calculate
percent acquisition (n = 120 per treatment). AAP = acquisition access period.
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tion within the thrips that acquired the virus as an adult might
need to be taken into consideration if abundance of viruliferous
thrips in a crop inferred by detection of TSWV within the thrips
is to be used as a parameter in a model to forecast epidemics.
Finally, our observations indicate that the thrips midgut in adults
does not constitute a barrier that prevents adult TT and WFT from
acquiring TSWV. An event other than virus acquisition, such as a
tissue barrier, possibly virus movement via the ligaments to sali-
vary glands, apparently prevents TSWV transmission by TT and
WFT that acquire the virus feeding on infected plants at the adult
stage.
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