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Winter moth, Operophtera brumata, originally from Europe, has invaded eastern Massachusetts causing
widespread defoliation and damage to many deciduous tree species and a variety of crop plants in the
infested area. We identified O. brumata nucleopolyhedrovirus (OpbuNPV) in winter moth larvae collected
from field sites in Massachusetts by using PCR to amplify a 482 bp region of the baculovirus polyhedrin
gene. Viral sequences were also detected in winter moth pupae that failed to emerge, suggesting that
these insects may have died as a result of viral infection. This represents the first report of OpbuNPV
in winter moth populations in the US.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

The winter moth, Operophtera brumata (L.), originally from
Europe, has recently invaded the northeastern US causing wide-
spread defoliation of many deciduous tree species in the region
(Elkinton et al., 2010). This invasive pest has been established in
eastern Massachusetts for at least a decade but was originally
assumed to be one of several native geometrids, such as the fall
cankerworm, Alsophila pometaria. In December of 2003, close
examination of the adult females collected in Massachusetts
revealed that it was neither fall cankerworm nor the native conge-
ner of winter moth, Bruce spanworm, O. bruceata (Hulst). Unlike
these two native geometrids which cause occasional, short-lived
outbreaks, winter moth has remained at continuous outbreak lev-
els each year for the last several years most likely because there are
virtually no pathogens or parasitoids attacking this insect here in
New England.

Winter moth invasion of North America was reported first in
Nova Scotia in the 1950s (Embree, 1966, 1991) and in the Pacific
Northwest in the 1970s (Roland, 1986). The first documented report
of a baculovirus infection of winter moth in North America was in a
single infected larvae collected in Yarmouth County in Nova Scotia in
1961 (Neilson, 1965). Subsequently, tests of the efficacy of the
winter moth virus as a biological control agent were conducted near
the University of Victoria in British Columbia using an isolate
obtained in England (Cunningham et al., 1981). Here we report the
identification of the baculovirus, O. bumata nucleopolyhedrovirus
ll rights reserved.
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(OpbuNPV) isolated from winter moth larvae and pupae collected
at several sites in eastern Massachusetts. This represents the first
verified report of OpbuNPV in winter moth in northeastern United
States.
2. Materials and methods

2.1. Collection and processing of larvae

Live, frozen O. brumata larvae and pupae which had failed to
emerge were collected from several different sites in southeastern
Massachusetts in May and June of 2008 and 2009. Insects sampled
from these sites were frozen at �20 �C until processed, then ana-
lyzed for the presence of viral DNA sequences. Individual insect
samples were homogenized in DNAzol (MRCGene, Inc.) and DNA
extracted according to the manufacturer’s protocol except that all
reagents were used at 40% of the prescribed volume, to account
for the small amount of tissue each insect or cadaver represented.
Total DNA recovered from each sample was solubilized in 0.1X TE
and stored at �20 �C until assayed. The same protocol with the
addition of 0.05 M sodium carbonate was also used to obtain viral
DNA recovered from OpbuNPV polyhedra generously provided to
us by W.I. Tyne and R.S. Hails from NERC Centre for Ecology and
Hydrology, Mansfield Rd., Oxford, OX1 3SR, UK.
2.2. Polyhedrin gene amplification and sequencing

A region of the polyhedrin gene of OpbuNPV obtained from the
UK isolate and in O. brumata samples from MA was amplified by
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PCR using the primers ObPol1 (50-CGA AAA TGA AAT CGA GAC GCG
CTC ATA CG-30) and ObPol2 (50-TCA CCT TCT CGA TGA ACT CTT CG-
30), previously described by Graham et al. (Graham et al. JIP
87:29�38), Taq 2X Master Mix (New England Biolabs) was used
to perform the PCR at a total reaction volume of 25 ll, containing
10 mM Tris–HCl, 50 mM KCl, 0.5 mM MgCl2, 0.2 mM dNTPs,
5% Glycerol, 0.08% NP-40, 0.05% Tween-20, 1 unit Taq DNA poly-
merase, 0.6 lM each primer and 10–100 ng total DNA template.
Reactions were performed in an Eppendorf Mastercycler ep, with
the following temperature profile: 94 �C for 5 min, 35 cycles of
94 �C for 1 min, 51 �C for 1 min and 72 �C for 1 min, and a final
extension of 72 �C for 10 min. Following PCR completion, 10 ll of
the reaction was loaded in a 1% agarose gel pre-stained with SYBR
Safe (Invitrogen) as recommended and electrophoresed in 0.5�
TBE for 45 min at 125 V. The resulting PCR products were visual-
ized with UV light and photographed to confirm success of the
PCR. Fragment size was determined with 100-bp and 50-bp ladders
(NEB), positioned on either side of the gel.

To confirm the amplification of OpbuNPV polyhedrin sequences
in O. brumata larvae collected in Massachusetts, representative
positive PCR products were treated with ExoSAP-IT� (USB Affyme-
trix) and sequenced using primers ObPol 1 and 2 (Graham et al.,
2004) with ABI PRISM Big Dye Terminator Cycle Sequencing Ready
Reaction Kit, version 1.1, on an ABI PRISM 3130xl Genetic Analyzer
(Perkin–Elmer Applied Biosystems). Sequences were aligned using
and compared to Autograha californica nucleopolyhedrovirus
(AcMNPV) polh sequences with BLAST (NCBI) and the sequence
we obtained from OpbuNPV provided by Tyne and Hails described
above.
3. Results

Of the 67 larvae analyzed from five collection sites in Massa-
chusetts a total of 19% or �28% were positive OpbuNPV DNA
(Table 1). All of these infected larvae were found in only two
of the sites in which an average was 37.5% being found to con-
tain viral DNA. In addition, only six of 59% or �10% of pupae
from Massachusetts sites were found to be positive for viral
DNA sequences. To our knowledge; this is the first documenta-
tion of baculovirus being found in insect pupae collected from
field populations.

The consensus sequence of 482 nt region of ObNPV polyhedrin
gene of the MA isolates had a 79% sequence identity with the cor-
responding region of AcNPV polyhedrin gene and a 98.5% sequence
identity with the same region of UK isolate, with only seven bases
and one amino acid residue difference, between the two OpbuNPV
isolates (Fig. 1). This amino acid substitution was a threonine in the
MA isolates compared to a cysteine in the UK isolates and occurred
at position 77 aa of AcNPV polh. A comparison of this same se-
quence in 26 OpbuNPV variants recovered from geographically
separated populations of winter moth on the Orkney Isles gave a
maximum of 1.04% sequence difference (Graham et al., 2004) while
our MA isolate had a 1.45% sequence difference from the UK
consensus sequence indicating that these isolates are genetic vari-
ants of the same virus. The GenBank accession numbers of the
Table 1
Detection of OpbuNPV in winter moth collection sites in Massachusetts.

Collection site Total larvae analyzed Percent OpbuNPV positive

E. Bridgewater 20 35
Wellesley 10 0
Seekonk 30 40
W. Bridgewater 4 0
Hyannis 3 0
polyhedrin gene sequences of UK and MA isolates are HQ663847
and HQ663848, respectively.
4. Discussion

Winter moth has become an important, invasive insect species
in Massachusetts and parts of New England, having already caused
widespread defoliation in the region (Elkinton et al., 2010). At pres-
ent, no viral epizootics have been observed in these out breaking
populations. Winter moth is thought to have originally moved into
the northeastern US from northern Europe through Nova Scotia
and Northeastern Canada. Sequence analysis of PCR products of
DNA extracted from winter moth larvae and pupae collected form
several sites in eastern Massachusetts indicated that these insects
were infected with OpbuNPV. These results lead to the question of
how this virus–host association arises in this invasive insect in
Massachusetts.

One possibility is that the virus infecting winter moth in Massa-
chusetts is actually a virus known to infect an indigenous insect
species, for example the native congener Bruce spanworm which
has been found to be infected with an NPV (Smirnoff, 1964). The
possibility of winter moth being infected with Bruce spanworm
virus was originally suggested by Neilson (1965), who described
the polyhedral occlusion bodies (OBs) isolated from these two
insect species as having distinctly different morphologies. The
OBs from the spanworm were reported as being ‘‘more hexago-
nally irregular’’ while those from winter moth being ‘‘distinctly
squarish.’’ Given that the vast majority of baculoviruses have an
extremely limited host range, and the high sequence identity found
in the polyhedrin gene in the MA and UK isolates, we conclude that
these two viruses are genetic variants of the OpbuNPV. To date we
have been unable to recover virus samples from the spanworm for
molecular characterization. However, our electron microscopic
examination of NPVs recovered from laboratory reared, winter
moth larvae infected with virus recovered from field collected
larvae, does suggest that many of these OBs have a more regular
‘‘squarish’’ appearance. Since the shape or size of the OB is not gen-
erally considered to be an identifying trait, a more exacting, molec-
ular comparison of NPV from these two insects still remains in
order to more precisely determine their genetic relatedness. The
more plausible explanation for the presence of OpbuNPV in winter
moth collected in Massachusetts is that virus has been associated
with the host in a persistent or latent state throughout the move-
ment of the insect from Europe, into northeastern region of the US.

Overt, or patent infection of insects by baculoviruses resulting
in the digestion of the larval cuticle with the release of viral occlu-
sion bodies, is believed to be principle means of horizontal trans-
mission and maintenance of the virus in host populations.
However, persistent or so-called covert infections, in which overt
disease symptoms are not observed, are now believed to play an
important role in the ecology and transmission of baculoviruses
(Cory and Myers, 2003). This covert infection strategy allows for
survival of the virus when host populations are low, as well as
for dispersal and of movement of the virus with populations of
the host migrating into a new niche. The between generation or
vertical transmission of baculoviruses can be either inside (tran-
sovarial) on the outside of the egg (transovum).

Recently the role of persistent baculovirus infections in vertical
viral transmission has been documented in migratory Spodoptera
sp. in Spain and Africa (Cabodevilla et al., 2011; Vilaplana et al.,
2010). As with the between generation transmission proposed here
for OpbuNPV in winter moth, the exact nature of this transmission
being transovarial, transovum or by some other mechanism is not
known. An important difference between the cases of vertical
transmission described in Spodoptera compared to what we report



Fig. 1. Sequence alignment of a 482 bp region of the polyhedrin gene of AcMNPV(Ac), OpbuNPV from the UK (UK) and Massachusetts (MA). Light areas indicate regions of
nucleotide mismatch and shaded area indicates regions where nucleotide matches.
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for winter moth is that both Spodoptera species are migratory in-
sects, reestablishing in previously infested areas, where as the win-
ter moth is an invasive species in Massachusetts, occupying this
region for the first time. The identification of OpbuNPV in winter
moth collected in Massachusetts indicates that the virus is present
in this population of the moth and that the virus can be tested as a
control agent against this pest without special considerations as
non-indigenous microbial pesticide as indicated in the EPA Pesti-
cide Registration Manual (Blue Book).

(http://www.epa.gov/opprd001/ARCHIVE-opprd001/registra-
tionmanual-version-before-July-9-2009/chapter12.htm).

5. Conclusions

Winter moth populations in Massachusetts are covertly
infected with OpbuNPV which has apparently been associated
with the insect host throughout its migration into the North
America from Europe. Since viral epizootics have yet to be
observed in the out breaking populations of winter moth in this
region, the virus appears to continue to exist in a covert state in
these insects.
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