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host relationships of either isolate. Recently, Williams
& Cory (1993) observed marked variation in eight
iridovirus isolates causing patent infection in individual
Stmulium larvae in the River Ystwyth. All the isolates
had different restriction fragment profiles, which were
similar but never identical to IV22.

This study describes a covert iridovirus infection
within populations of blackfly larvae from the River
Ystwyth, Wales, at one moment in time (April 1992).
Infected larvae appear completely devoid of the
characteristic iridescent hue, but several techniques
have established that a large proportion of the host
population harbours this infection. The presence of
iridovirus in host tissues was shown indirectly by
infection of a permissive lepidopteran host, and directly
by using the polymerase chain reaction (pcr) targeted
at the major structural protein gene.

2. METHODS

Blackfly larvae were collected from stones in fast-flowing
sections of the River Ystwyth on two occasions. On 26 March
and 22 April 1992, larvae were taken from Blaenycwm
(Ordnance Survey map 135, grid reference 826 755),
Abermagwr (reference 667 729) and Pentre-llyn (reference
619 757) (approximately 32 km, 13 km and 7 km from the
river estuary, respectively). The water temperatures were
6.7 °C and 11.5 °C in March and April, respectively, and
water velocity ranged from 0.9 ms™ to 1.4 m s™* depending
on site. A standard antibiotic solution (10 mg ml™* Strepto-
mycin and 10000 iu ml™* Penicillin) was used at different
dilutions for larval preservation and to prevent bacterial
contamination in subsequent laboratory procedures. Larvae
were placed individually in 0.2 x antibiotic solution and,
once returned to the laboratory, were frozen until required.
Larvae destined to be lab-reared were kept alive in large
numbers in polythene bags filled with river water during the
journey back to the laboratory.

(a) Laboratory rearing of simuliid larvae

Larvae taken from the River Ystwyth were reared through
to adulthood in the laboratory at ambient temperature by
using the following apparatus: a glass tube of 300 mm x
50 mm internal diameter with a rubber bung at one end
through which a drainage tube and a syringe needle were
passed. The needle was attached to an air supply from a
standard aquarium air pump, which produced aeration and
water turbulence in the tube. The water was replaced daily
with clean tap water and the larvae were fed ad libitum with
ground tropical fish food (TetraMin Flake Food). Larvae
readily attached to a glass rod placed in the water which
could be periodically removed and larvae examined for signs
of iridescence.

(b) Diagnosts of iridovirus infection using Galleria
mellonella

The greater wax moth, Galleria mellonella (Lepidoptera:
Pyralidae), is highly permissive to many iridovirus infections,
including IV22, and has regularly been used to ‘bulk-up’
viruses for experimentation (Ward & Kalmakoff 1991). An
attempt was made to show that the viral entities within
apparently healthy simuliid larvae from the River Ystwyth
were capable of causing overt disease in G. mellonella. Initially,
30 Simulium larvae with a normal, healthy appearance, from
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the April collection at the central site of Abermagwr, were
homogenized individually in Eppendorf tubes with 200 pl of
sterile TE buffer (10 mm Tris-Cl, 1 mm EDTA, pH 8.0).
Each tube was then spun in a microcentrifuge at 1500 g for
5 min to pellet debris, and the supernatant transferred to a
fresh tube. This in turn was spun at 10000 g for 15 min to
pellet any virus particles present. The remaining supernatant
was discarded and the pellet, which never displayed the
slightest iridescence, was resuspended in 120 pl of 1 x anti-
biotic solution: 10 pl of this suspension was injected into the
haemocoel of early third instar G. mellonella larvae which
were subsequently kept on artificial diet at room temperature
and checked for iridescence at regular intervals thereafter. If
no symptoms of infection had appeared at 3 weeks post-
injection, the larvae were considered uninfected and were
discarded. Control larvae (mostly S. equinum and S. pseude-
quinum) from the River Cherwell, Oxfordshire, were treated
in the same way. Observations of larvae at this site had failed
to reveal any 1v infections during a detailed two-year study
(T. Williams, unpublished data). River water from the
Ystwyth was also injected into G. mellonella: 200 pl of river
water was mixed with 200 pl of 1 x antibiotic solution, and
10 pl injected into each larva as described above.

The same procedure was also done using groups of ten
apparently healthy larvae {rom each site collected in March
or April and homogenized together as pooled samples. As
before, control larvae from the River Cherwell were treated
in the same way.

Those Galleria larvae injected with simuliid larval extracts
which developed an obvious opalescence were chilled until
death and homogenized in 1-2 ml of sterile TE buffer. Debris
was pelleted at 1500 g, and the supernatant spun at 10000 g
for 15 min to produce a brilliantly iridescent pellet of nearly
pure virus. The viral pellet was resuspended in sterile TE
buffer, a portion taken for DNA extraction, and the
remainder stored at —20 °C.

Extraction of viral DNA from Galleria-grown virus was
achieved by adding 400 pl of the partly purified virus
suspension, to 600 pl of sterile TE buffer, 0.1%, sodium
dodecyl sulphate (SDS) and 100 pg of Proteinase K, and
incubation for 18 h at 37 °C. After this period, remaining
viral particles were pelleted and DNA extracted by treatment
with phenol, phenol-chloroform, and chloroform+isoamyl
alcohol (25:1). DNA was then dialysed in three changes of
TE buffer at 4 °C overnight, aliquoted and stored at —20 °C.

DNA extracted from Galleria-grown virus was character-
ized by restriction enzyme digestion with Hind 111 (Boeh-
ringer Mannheim, Germany) following the recommended
protocols. Restriction fragments were separated by electro-
phoresis in 0.6 %, agarose overnight at 30 V, in TBE buffer
comprising (in millimoles per litre): 89 Tris-borate, 89 boric
acid, 2 EDTA, pH8 containing 0.3 mgl™? ethidium
bromide. DNA fragments were visualised and photographed
in uv light at 312 nm.

(¢) Detection of covert infection by PCR

(i) Extraction of DNA from blackfly larvae. The Pcr reaction
is highly sensitive to environmental contamination, especially
from organic matter. To overcome this problem, the head
capsule and gut of each simuliid larva destined for pcr was
dissected out in filtered, sterilized water with the aid of a
binocular microscope. All the water used for the following
steps was deionized, filtered through a 0.45pum filter,
autoclaved, filtered again through a 0.2 pm filter and re-
autoclaved in 15 ml bijou tubes. Larvae were transferred
individually to sterile Eppendorf tubes containing 200 pl
of water and 0.5% Triton X-100. Larvae were then
homogenized within the Eppendorf tube by using a sterile



