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Background 
In the NT, Barmah Forest (BF) case notifications have increased dramatically since 
October 2012, with a total of 365 notifications between October 2012 and July 2013. 
Most of the cases were recoded in Darwin urban areas.  

 

As part of an investigation into the possible causes for the increase in BF cases, 
Medical Entomology carried out mosquito trapping and virus isolations in May 2013, 
in liaison with the Department of Primary Industry and Fisheries to investigate 
possible high levels of BF virus circulating in wild mosquito populations in the Darwin 
urban area. 

 
Methods 
Mosquito trapping: 

On 13th May 2013, four CO2 baited EVS traps were set in Darwin, adjacent to known 
vector (Culex annulirostris & Aedes vigilax) breeding sites. Two traps were set on the 
edge of the Leanyer Swamp bordering the northern Darwin suburbs, one trap at the 
Marrara Rifle Range adjacent to a freshwater swamp and one trap in the Casuarina 
Coastal Reserve.  The traps were collected on 14th May 2013 and transferred to the 
Medical Entomology laboratory at the Royal Darwin Hospital for processing. 

 

Mosquito processing prior to virus isolation: 

At the Medical Entomology laboratory the adult mosquitoes were placed in the 
freezer and then transferred to cold tables, where they were identified to species 
level, with blood fed mosquitoes removed to avoid sample contamination. Up to 50 
mosquitoes (same species) were pooled and stored in liquid nitrogen. A total of 4641 
mosquitoes, including 3671 Cx. annulirostris and 862 Aedes vigilax were processed 
between 14th and 17th May (Table 1). The samples were transferred to the Berrimah 
Veterinary Laboratories for virus isolation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 3 



 
 
 

Table 1: Mosquitoes processed for virus 
 isolation on 14th May 2013. 
Mosquito species Total 
Ae. (Adm) alboscutellatus 22 
Ae. (Fin) kochi 1 
Ae. (Fin) notoscriptus 1 
Ae. (Och) vigilax 826 
An. (Ano) bancroftii 22 
An. (Cel) farauti s.l. 25 
An. (Cel) meraukensis 1 
Cq. (Coq) xanthogaster 58 
Cx. (Cux) annulirostris 3671 
Cx. (Cux) quinquefasciatus 1 
Cx. (Cux) sitiens 3 
Cx. (Cux) Vishnui group 9 
Cx. (Lop) cubiculi 1 
Grand Total 4641 

 

Results: 
No BFV was isolated from the 4641 mosquitoes tested. Two unidentified viruses 
(V8952 & V8953) were isolated from 2 pools of Culex annulirostris, with 
identifications pending. 

 

Appendix 1: Adaptation of virus isolation methods used in ‘Weir (2002)’ 
Processing of mosquitoes for virus isolation  
  
A small number of sterile glass beads (4) were added to each tube followed by 1ml of 
brain heart infusion broth containing penicillin G (6 mg/ml), streptomycin sulfate (20 
mg/ml) and amphotericin B (2.5 mg/ml).  The tubes were returned to 4°C and held 
prior to use.  From one to fifty monospecific mosquitoes were added to each tube 
containing brain heart infusion broth and 4mm sterile glass beads.  The mosquitoes 
were homogenised in a bead beater for 4 min.  The homogenised mosquitoes were 
held overnight at 4°C (to restrict contamination of cell cultures) prior to clarification by 
centrifugation (2000 g for 15min at 4°C).     

 
Modified microtitre plate virus isolation technique 
 
First passage: Fifty µl of each sample (mosquito homogenate) was inoculated to 
duplicate wells (A1-2 to H1-2 then A3-4 to H3-4 and so on for the remainder of the 
plate) containing C6/36 mosquito cell cultures (seeding rate 2x 105 /ml) and 150 µl of 
Minimum Essential Medium growth medium in a 96 well flat bottomed microtitre 
plate. 
 
Plates were incubated at ambient room temperature (25°C) in a humidified container 
for seven days.  At the end of the incubation period, plates were inspected grossly 
and microscopically for bacterial and fungal contamination.  Homogenates showing 
contamination in the microtitre plates were identified and filtered through a 0.22 µ 
membrane filter for inoculation the following week. 
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Diagram of a 96 well microtitre plate 
A1   A2 A3   A4 A5   A6 A7  A8    A9  A10   A11  A12 
B1                  B2 B3   B4 B5     B6 B7   B8 B9  B10 B11 B12 
C1 C2 C3  C4 C5   C6 C7      C8  C9  C10 C11 C12 
D1  D2 D3   D4 D5 D6 D7    D8     D9  D10 D11  D12 
E1 E2 E3      E4 E5    E6 E7   E8 E9   E10 E11 E12 
F1  F2 F3   F4 F5   F6 F7   F8 F9   F10 F11 F12 
G1  G2 G3   G4 G5    G6 G7   G8 G9 G10 G11 G12 
H1     H2 H3   H4 H5   H6 H7  H8   H9  H10 H11 H12 
 
Second passage: Fifty microlitres of first passage supernatant was inoculated to 
identical wells of two plates, each containing a different cell type. Second cell culture 
passage utilised a multi-channel pipette in an 8-tip configuration. The wells of column 
A1-H1 were mixed (no bubbles produced, minimising cross contamination) and 15 µl 
was transferred to the duplicate column A2-H2, mixed, and the procedure reversed.  
 
On completion of mixing, 50 µl was transferred to identical rows in each of 7 cell 
culture plates. Each plate contained a single type of cell: BSR clone of BHK-21 cells 
(Sato et al. 1977) grown in minimum essential medium and 10% foetal bovine serum.  
Porcine stable equine kidney cells were grown in Medium 199 growth medium, and 
C6/36 cells were grown in minimum essential medium growth medium. Disposable 
pipette tips were changed between sets of duplicate wells and this procedure was 
followed and repeated across the plate. 
 
An inverted microscope was used to examine cultures each day, from day three post 
inoculation, for the presence of CPE. The type and extent of CPE was recorded and 
at 80-100% CPE the supernatant was aseptically removed from the CPE positive 
wells and inoculated to 25 cm2 tissue culture flasks for the production of seed stock 
virus. 
 
Inoculation of the third cell culture passage used the C6/36 second passage plates.  
The same method was employed as described for the inoculation of the second 
passage. Cultures were examined each day for seven days and CPE recorded. The 
type and extent of CPE was recorded and at 80-100% CPE the supernatant was 
aseptically removed from the CPE positive wells and inoculated to BSR cells for the 
production of virus stocks.  All homogenates from which virus was isolated were 
processed a second time to confirm the isolates and to rule out the possibility of 
cross contamination. 
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