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DEPARTMENT OF HEALTH AND HUMAN SERVICES  Public Health Service 
    
                

         
    
     
 

Centers for Disease Control 
        and Prevention (CDC) 

Atlanta GA 30333 

February 9, 2015 

  
Lawrence Hribar 
Florida Keys Mosquito Control District 
503 107th Gulf Street 
Marathon, FL 33050 
 
 
RE: Facility Inspection Report Response 

 Organization: Florida Keys Mosquito Control District 
 
Thank you for your response concerning our report of the inspection of your entity conducted on 
December 3-4, 2015.  All departures noted on the inspection report have been addressed adequately and 
the Centers for Disease Control and Prevention (CDC), Import Permit Program (IPP) does not require 
any further response from you at this time. 
 
As the permittee it is your responsibility to ensure that the implemented biosafety measures are 
commensurate with the hazard posed by the infectious biological agents, infectious substances, and/or 
vectors to be imported, and the level of risk given its intended use.   
 
If you have any questions concerning this correspondence, please contact the Centers for Disease 
Control and Prevention (CDC), Import Permit Program (IPP) at 404.718.2077. 
 
 
Thank you, 
 

 
 
Robbin S. Weyant, PhD, RBP (ABSA) 
Captain, USPHS (Ret.) 
Director, Division of Select Agents and Toxins  
Office of Public Health Preparedness and Response 
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Group Name Population Status Lead Office Recovery Plan Name Recovery Plan Stage 

Birds Everglade snail kite FL pop. Endangered South Florida Ecological South Florida Multi-Species Final 

Birds Cape Sable seaside sparrow Entire Endangered South Florida Ecological South Florida Multi-Species Final 

Birds Bachman's warbler (=wood) Entire Endangered South Carolina Ecological 

Birds Wood stork (Mycteria AL, FL, GA, MS, NC, SC Threatened North Florida Ecological Revised Recovery Plan for the Final Revision 1 

Birds Piping Plover (Charadrius except Great Lakes watershed Threatened Office Of The Regional Director Great Lakes & Northern Great Final 

Birds Piping Plover (Charadrius except Great Lakes watershed Threatened Office Of The Regional Director Piping Plover Atlantic Coast Final Revision 1 

Birds Roseate tern (Sterna dougallii Western Hemisphere except NE Threatened Caribbean Ecological Services Recovery Plan Caribbean Final 

Birds Red knot (Calidris canutus rufa) Threatened New Jersey Ecological Services 

Fishes Atlantic sturgeon (Gulf Entire Threatened Panama City Ecological Gulf Sturgeon Final 

Flowering Plants Blodgett's silverbush Candidate South Florida Ecological 

Flowering Plants Big Pine partridge pea Candidate South Florida Ecological 

Flowering Plants Wedge spurge (Chamaesyce Candidate South Florida Ecological 

Flowering Plants Sand flax (Linum arenicola) Candidate South Florida Ecological 

Flowering Plants Garber's spurge (Chamaesyce Threatened South Florida Ecological South Florida Multi-Species Final 

Flowering Plants Florida pineland crabgrass Candidate South Florida Ecological 

Flowering Plants Key tree cactus (Pilosocereus Endangered South Florida Ecological South Florida Multi-Species Final 

Flowering Plants Cape Sable Thoroughwort Endangered South Florida Ecological 

Flowering Plants Florida prairie-clover (Dalea Candidate South Florida Ecological 

Flowering Plants Florida semaphore Cactus Endangered South Florida Ecological 

Flowering Plants Everglades bully (Sideroxylon Candidate South Florida Ecological 

Insects Schaus swallowtail butterfly Entire Endangered South Florida Ecological South Florida Multi-Species Final 

Insects Miami Blue Butterfly (Cyclargus Endangered South Florida Ecological 

Insects Bartram's hairstreak Butterfly Endangered South Florida Ecological 

Insects Florida leafwing Butterfly Endangered South Florida Ecological 

Mammals Key deer (Odocoileus Entire Endangered South Florida Ecological South Florida Multi-Species Final 

Mammals West Indian Manatee Entire Endangered North Florida Ecological Florida Manatee Recovery Plan, Final Revision 3 

Mammals West Indian Manatee Entire Endangered North Florida Ecological Recovery Plan Puerto Rican Final 

Mammals Florida panther (Puma (=Felis) Endangered South Florida Ecological Third Revision of the Florida Final Revision 3 

Mammals Rice rat (Oryzomys palustris lower FL Keys Endangered South Florida Ecological South Florida Multi-Species Final 

Mammals Key Largo cotton mouse Entire Endangered South Florida Ecological South Florida Multi-Species Final 

Mammals Key Largo woodrat (Neotoma Entire Endangered South Florida Ecological South Florida Multi-Species Final 

Mammals Lower Keys marsh rabbit FL Endangered South Florida Ecological South Florida Multi-Species Final 

Mammals Puma (=mountain lion) (Puma FL Similarity of Appearance Office Of The Regional Director 

Reptiles American alligator (Alligator Entire Similarity of Appearance Office Of The Regional Director 

Reptiles Hawksbill sea turtle Entire Endangered North Florida Ecological Recovery Plan for the Hawksbill Final Revision 1 

Reptiles Hawksbill sea turtle Entire Endangered North Florida Ecological Recovery Plan for U.S. Pacific Final Revision 1 

Reptiles Leatherback sea turtle Entire Endangered North Florida Ecological Recovery Plan for U.S. Pacific Final Revision 1 

Reptiles Leatherback sea turtle Entire Endangered North Florida Ecological Recovery Plan for Leatherback Final Revision 1 

Reptiles Green sea turtle (Chelonia FL, Mexico nesting pops. Endangered North Florida Ecological Recovery Plan for U.S. Pacific Final Revision 1 

Reptiles Green sea turtle (Chelonia FL, Mexico nesting pops. Endangered North Florida Ecological Recovery Plan for U.S. Final Revision 1 

Reptiles Loggerhead sea turtle (Caretta Northwest Atlantic Ocean DPS Threatened North Florida Ecological Recovery Plan for the Northwest Final Revision 2 

Reptiles Eastern indigo snake Entire Threatened Mississippi Ecological Services Eastern Indigo Snake Final 

Reptiles American crocodile (Crocodylus FL pop. Threatened South Florida Ecological South Florida Multi-Species Final 

Reptiles Gopher tortoise (Gopherus eastern Candidate 

Snails Stock Island tree snail Entire Threatened South Florida Ecological South Florida Multi-Species Final 
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SUMMARY 

 
 

Report:  Ythier, E. (2012): A laboratory prolonged toxicity study to determine the effects of 
ingestion of larvae and pupae of the genetically modified sterile mosquito strain Aedes 
aegypti OX513A towards the guppy Poecilia reticulata (Actinopterygii: Poeciliidae); 
according to OECD No. 204 (1984) modified for oral route of exposure. 

 Source: SynTech Research France, 613 Route du Bois de Loyse, F-71570 La Chapelle 
de Guinchay, France 
Report No: 232SRFR12C1, issued 11 March 2013 

Guidelines:  OECD No. 204 (1984) modified for oral route of exposure  
Deviations: No deviation 
GLP: Yes 
 
Materials and methods: 
Guppys Poecilia reticulata (Actinopterygii: Poeciliidae), measuring 20 to 26 mm at the start of the 
test, were orally exposed to mixed larvae and pupae of the genetically modified sterile strain Aedes 
aegypti OX513A over a period of 14 days, in laboratory semi-static conditions. 
During the study period, the fish were fed with the transgenic mosquitoes once daily, by incorporating 
freshly defrosted larvae and pupae into the fish diet, at the rate of 700 g mosquitoes/kg diet. The rate 
to be tested was determined following a 96-hour non-GLP compliant range-finding study conducted 
with 20, 100, 300, 500 and 700 g mosquitoes/kg diet, in order to evaluate the maximum rate of insects 
(mosquitoes) the guppy can ingest (in natural conditions the mean ratio of insects ingested by this 
species is usually about 50% w/w, i.e. 500 g insects/kg food). Each tested rate was entirely consumed 
and no adverse effect was observed during the 96-hour range-finding study. The quantity of diet 
administered daily did not exceed the amount ingested immediately by the fish and was kept constant 
during the study duration, i.e. 4 per cent of the initial fish weight. A control (non-genetically modified 
mosquitoes of the same background strain, incorporated to the fish diet at the same rate of 700 g 
mosquitoes/kg diet) was included to assess the natural mortality rate, appearance, size and behaviour 
of the test organisms. A toxic reference item (potassium dichromate, applied at a concentration of 100 
mg a.s./L) was included to indicate the relative susceptibility of the test organisms and the test system.  
Acute and sublethal (appearance, size and behaviour) effects were observed daily during the test 
period. Data were analysed for significant differences compared to the control group using ANOVA 
(p ≤ 0.05) and to determine values for the LR50, ER50, LOER and NOER. 
 
Dates of work: 15 October 2012 - 28 October 2012 
 
Findings (Table 3): Summary of P. reticulata mortality, length and weight after 14-day oral exposure 
to Aedes aegypti OX513A 

 

Test item Genetically modified sterile strain Aedes aegypti OX513A 
Test organism Poecilia reticulata 
Test medium ISO reconstituted water 
Exposure Daily oral exposure 

Endpoint 14-day mortality 
[%] 

14-day length 
[mm] 

14-day weight 
[mg] 

Control (700 g non-GM mosquitoes/kg diet) 10 22.44 198.3 
OX513A (700 g GM mosquitoes/kg diet) 0 23.20 212.9 
LR50 / ER50 [g GM mosquitoes/kg diet] > 700 
LOER [g GM mosquitoes/kg diet] > 700 
NOER [g GM mosquitoes/kg diet] 700 

 

GM = genetically modified  
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Conclusions: 
 
The study is valid since mean mortality in the control did not exceed 10% during the test period 
(actual value: 10%), dissolved oxygen concentration was over 60% of the air saturation value 
throughout the test (actual minimum value: 73.5%) and environmental conditions (T°, pH) remained 
constant throughout the test. 
 
The potential acute and sublethal effects of ingestion of mosquitoes of the genetically modified sterile 
strain Aedes aegypti OX513A on the guppy Poecilia reticulata (Actinopterygii: Poeciliidae) were 
investigated during 14 days in laboratory semi-static conditions. 
 
There was no significant difference between mortality, fish length, weight, appearance and behaviour 
in the control and the test item, after 14 days. Hence the NOER was found to be 700 g GM 
mosquitoes/kg diet and the LOER and LR50/ER50 were estimated to be > 700 g GM mosquitoes/kg 
diet. 
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INTRODUCTION 

 
The test item is a mixture of larval and pupal life stages (collected 7-8 days post hatching) of 
heterozygous Aedes aegypti mosquito strain OX513A from an Asian background expressing a 
repressible lethality trait (based on the tet-off system (Gossen and Bujard 1992) and DsRed2 
fluorescent marker gene). 
 
The objective of the study was to determine potential acute and sublethal effects of ingestion of 
mosquitoes of the genetically modified sterile strain Aedes aegypti OX513A towards the 
guppy Poecilia reticulata (Actinopterygii: Poeciliidae) in laboratory semi-static conditions, following 
oral exposure to larval and pupal life stages of Aedes aegypti OX513A over a period of 14 days. 
 
During the study period, the fish were fed with the transgenic mosquitoes once daily, by incorporating 
freshly defrosted larvae and pupae into the fish diet, at the rate of 700 g mosquitoes/kg diet. The 
quantity of diet administered daily did not exceed the amount ingested immediately by the fish and 
was kept constant during the study duration, i.e. 4 per cent of the initial fish weight. 
 
The rate to be tested was determined following a 96-hour non-GLP compliant range-finding study 
conducted with 20, 100, 300, 500 and 700 g mosquitoes/kg diet, in order to evaluate the maximum rate 
of insects (mosquitoes) the guppy can ingest (in natural conditions the mean ratio of insects ingested 
by this species is usually about 50% w/w, i.e. 500 g insects/kg food). Each tested rate was entirely 
consumed and no adverse effect was observed during the 96-hour range-finding study. 
 
A control (non-genetically modified mosquitoes of the same background strain as the test substance, 
incorporated to the fish diet at the same rate of 700 g mosquitoes/kg diet) was included to assess the 
natural mortality rate, appearance, size and behaviour of the test organisms. A toxic reference item 
(potassium dichromate, applied at a concentration of 100 mg a.s./L) was included to indicate the 
relative susceptibility of the test organisms and the test system.  
 
Acute and sublethal (appearance, size and behaviour) effects were observed once a day during 14 
days. As no adverse effect was observed in the fish group fed with OX513A mosquitoes between 7 
and 14 days, whilst control mortality remained at an accepted level (10%), the study duration was not 
extended. 
 
The study was conducted in accordance with the OECD guideline No. 204 (1984) modified for oral 
route of exposure. The experimental phase of the study was performed at the test site of SynTech 
Research France SAS, 1095 chemin du Bachas, 30000 Nîmes, France. 
 
All aspects of the study were carried out according to international Good Laboratory Practice (GLP) 
guidelines and were based on the international codes of GLP (see References on p.19). 
 
The study encompassed the objectives of Regulation (EC) No. 1107/2009 and was designed to comply 
with the FAO Guidelines on Producing Pesticide Residue Data from supervised trials, Rome 1990 and 
“Commission Working Document 7029/VI/95 - Rev. 5, July 1997”. 
 
The study was conducted in accordance with French GLP regulations (“Article Annexe II à l'Article 
D523-8 du Code de l'Environnement du 16 octobre 2007”). This study is referred to GLP area of 
expertise No.4: “Environmental toxicity studies on aquatic or terrestrial organisms”.   
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TEST ITEM AEDES AEGYPTI OX513A 

Table 4: 
 

Test item code Aedes aegypti OX513A 
Physical state, appearance Mixture of larval and pupal life stages in distilled water 
Quantity received / Date of receipt 327.33 g on 31 August 2012 
Storage requirement In its original container, tightly closed, in frozen conditions. 

Test item supply Oxitec Ltd, 71, Milton Park, Abingdon, Oxfordshire, OX14 
4RX, United Kingdom 

 

Three batches of the test item were received on 31 AUG 2012 at the test site of Nîmes and identified 
as SynTech Research No. NI12-303, NI12-304 and NI12-305. The test item was stored deep frozen 
between -18.4°C and -38.3°C between its receipt and its last use. 
 
 
CONTROL ITEM AEDES AEGYPTI WILD TYPE 

Table 5: 
 

Test item code Aedes aegypti Wild Type 
Physical state, appearance Mixture of larval and pupal life stages in distilled water 
Quantity received / Date of receipt 203.01 g on 31 August 2012 
Storage requirement In its original container, tightly closed, in frozen conditions. 

Test item supply Oxitec Ltd, 71, Milton Park, Abingdon, Oxfordshire, OX14 
4RX, United Kingdom 

 

Two batches of the control item were received on 31 AUG 2012 at the test site of Nîmes and identified 
as SynTech Research No. NI12-306 and No. NI12-307. The control item was stored deep frozen 
between -18.4°C and -38.3°C between its receipt and its last use. 
 
 
REFERENCE ITEM POTASSIUM DICHROMATE 

Table 6: 
 

Reference item Potassium dichromate 
Batch No. 102403H 
Reference item (nominal conc.) Potassium dichromate (1000 mg/kg) 
Reference item (actual conc.) Potassium dichromate (999.7 mg/kg) 
CAS No. 7778-50-9 
Formulation density [g/ml] 1 (solid) 
Physical appearance Orange solid crystals 
Storage requirement Dry, cool and well-ventilated area 
Product supply Merck KGaA, 64271 Darmstadt, Germany 

 

The reference item was received on 03 DEC 2010 at the test facility of La Chapelle de Guinchay 
(identified as SynTech Research No. CG10-349) and transferred to the test site of Nîmes on 23 MAR 
2011 (identified as SynTech Research No. NI11-302). The reference item was stored between 12.6°C 
and 24.9°C between its receipt and its last use. The material safety data sheet was available on 03 DEC 
2010. A retained sample of formulated product used as reference item is kept by SynTech Research 
(No. CG10-349A). 
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EXPERIMENTAL PHASE 
 
 

Study Plan Amendments and Deviations 
 
No Study Plan Amendment and Deviation. 
 
 
 

Study organisation 
 

Table 7: 
 

Study Sponsor: Oxitec Ltd 
71, Milton Park, Abingdon, 
Oxfordshire, OX14 4RX, 
United Kingdom 

 

Study Monitor and 
Sponsor’s Representative: 

 
Camilla BEECH 

Tel: 44 (0)1235 433549 
e-mail: Camilla.Beech@oxitec.com 

Test Facility: SynTech Research France SAS 
613 route du Bois de Loyse, 
71570 La Chapelle de Guinchay, 
France 

Tel: +33 (0)3 85 36 82 36 
Fax: +33 (0)3 85 36 78 97 

Management: Pierre ESCHENBRENNER e-mail: peschenbrenner@syntechresearch.com 
Study Director: Eric YTHIER e-mail: eythier@syntechresearch.com 
Lead Quality Assurance: Yannick TACIK e-mail: ytacik@syntechresearch.com 

Test site for experimental 
phase: 
 
 
Principal Investigator:  

SynTech Research France SAS 
Aquatoxicology Laboratory 
1095 chemin du Bachas 
F-30000 Nîmes, France 
Lucie MARTIN 

Tel: +33 (0)4 66 70 98 65 
 
 
 
e-mail : lmartin@syntechresearch.com 

Item supply: Oxitec Ltd  71, Milton Park, Abingdon, Oxfordshire, 
OX14 4RX, United Kingdom 

 Merck KGaA 64271 Darmstadt, Germany  
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Archiving 
 

 
After completion of the final report, the Study Director will transfer the following data generated in 
the study to: 
 

Camilla BEECH 
Oxitec Ltd 
71, Milton Park, Abingdon, 
Oxfordshire, OX14 4RX, 
United Kingdom 
 

Data to be transferred will include, but not be limited to: 
1.  The original study plan, amendments, and deviations 
2.  The original final report 
3.  Test item characterisation and certification documentation 
4.  The original raw data package 
 

Copies of the study plan, raw data, amendments, deviations and final report, as well as all non-study 
specific data (e.g. log books describing equipment maintenance and calibration) will be stored in the 
archives of SynTech Research France SAS for ten years. No data will be discarded without the 
Sponsor’s prior written consent. 
 
Test system 
 
The experimental phase of the study was conducted at the Aquatoxicology laboratory of SynTech 
Research France SAS, 1095 chemin du Bachas, 30000 Nîmes, France. 
 
The fish used for this study were the guppy Poecilia reticulata (Actinopterygii: Poeciliidae; source: La 
Grande Rivière, France). The fish were obtained and held in the laboratory for 12 days before they 
were used for testing. In order to adapt the fish to the test conditions, a fish culture in the test medium 
was prepared 12 days before start of the test under the following conditions: 

- light: 16 hours photoperiod daily 
- temperature: 21°C to 25°C  
- oxygen concentration: at least 80% of air saturation value 
- feeding (diet without mosquitoes - see diet composition below): once daily until 24 hours 

before the study start 
Following a 48-hour settling-in period, mortality was recorded to be < 5% (actual value: 0%) and the 
batch was accepted to be used for the study. 
 
All organisms used for the study were originated from cultures established from the same healthy 
stock of fish. At the start of the test, the animals were 20 mm ± 10 and the loading was < 1 g fish/L 
test medium (actual size values 20 to 26 mm / mean 22.5 mm; actual loading value 0.698 g fish/L; 
based on 10 organisms randomly sampled in the fish culture the day before the start of the test; see 
Appendix 2). They were in good health and free from any apparent malformation. The fish were not 
fed from 24 hours before the test start and during the test period. 
 
Test vessels (= test units) consisted of 4 L glass jars containing 3 L of test medium. During the test 
period, test units were capped to reduce the loss of water due to evaporation and to avoid the entry of 
dust into solutions. Each test unit was labelled with the study number and a unique test unit number. 
 
The ISO test medium was used. The composition of the test medium is described in Annex 3 of OECD 
guideline No. 203. The test medium was made at the test site, using distilled water. The test medium 
was aerated until oxygen saturation and then stored for 2 days prior to use. The test medium was 
aerated during the study. The test medium was renewed twice weekly and at the time of each renewal 
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the test medium temperature, dissolved oxygen and pH were recorded (see Appendix 3). At each 
renewal, a second series of test vessels were prepared and the test organisms were transferred to them. 
 
The study comprised a control, a toxic reference item and one rate of the test item: 700 g 
mosquitoes/kg diet. There was one test unit with 10 replicates (= 10 fish) for each test item, control 
and toxic reference item. 
 
A control (non-genetically modified mosquitoes of the same background strain, incorporated to the 
fish diet at the rate of 700 g mosquitoes/kg diet) was included to assess the natural mortality rate, 
appearance, size and behaviour of the test organisms. A toxic reference item was included in the study 
to demonstrate the susceptibility of the test organism and the sensitivity of the test system. The toxic 
reference item was potassium dichromate applied at an application concentration of 100 mg a.s./L (the 
toxic reference group was fed with diet incorporated with non-genetically modified mosquitoes at the 
rate of 700 g mosquitoes/kg diet). 
 
The items comprised: 
- Test item: genetically modified mosquitoes A. aegypti OX513A at 700 g mosquitoes/kg diet 
- Control: non-genetically modified mosquitoes A. aegypti at 700 g mosquitoes/kg diet 
- Toxic reference item: potassium dichromate at 100 mg a.s./L (fed with non-genetically mosquitoes 

A. aegypti at 700 g mosquitoes/kg diet) 
 
The diet was administered daily, at the dose of 4% of the initial fish weight. Quantity of administered 
diet was calculated each day according to the number of living fish. The sequence of feeding was as 
follows: control group, followed by the test item group and finally the toxic reference item group. 
The diet (TetraMin®, used during both holding and exposure periods) consisted of: 

- fish and fish derivatives,  
- cereals,  
- yeasts,  
- vegetable protein extracts,  
- molluscs and crustaceans,  
- oils and fats,  
- algae, 
- sugars,  
- mineral substances. 
- components: protein 47%, fat 10%, fiber 3%, vitamins D3 and A, elements Mn, Zn, Fe and Co. 

 
During the holding phase (12 days before fish were used for testing), the diet was administered daily, 
except during the 24 hours before the study start (exposure phase). The diet was administered without 
mosquitoes during the holding phase. 
During the exposure phase, genetically modified (OX513A) or non-genetically modified (control and 
reference item) mosquitoes were incorporated to the fish diet at the rate of 700 g mosquitoes/kg diet 
and the new diet was administered daily. 
In both holding and exposure phases, the quantity of diet administered daily did not exceed the amount 
ingested immediately by the fish and was kept constant during the study duration, i.e. 4 per cent of the 
initial fish weight. Quantity of administered diet was calculated each day according to the number of 
living fish. 
 
Twice a week, the temperature, dissolved oxygen and the pH were recorded (see Appendix 3). Test 
units were kept in controlled environment conditions between 21ºC to 25°C (constant within the range 
of ± 2ºC; actual values: 20.5-22.4°C) and received 16 hours light (1120-1340 lux) and 8 hours dark 
cycle. Item groups were placed on separated shelves in the laboratory.  
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Table 8: Test system summary 
 

Experimental phase 
location: 

Aquatoxicology Laboratory  
SynTech Research France SAS 
1095 Chemin du Bachas 
30000 Nîmes, France 

Test organism 
(species): 

Guppy, Poecilia reticulata Peters (Actinopterygii: Poeciliidae) 

Test system: Items: 3 (1 test item, 1 toxic reference item, 1 control). 
Test unit: 4 L capped glass jar (one per test item). 
Test organisms (= replicates): 10 Poecilia reticulata in each test unit ; 20 to 26 mm 
(mean 22.5 mm) and loading 0.698 g fish/L at the start of the test. 
Test medium: ISO reconstituted water. 

Items: - Test item: genetically modified mosquitoes A. aegypti OX513A at 700 g 
mosquitoes/kg diet 
- Control item: non-genetically modified mosquitoes A. aegypti at 700 g 
mosquitoes/kg diet 
- Toxic reference item: potassium dichromate at 100 mg a.s./L (fed with non-
genetically mosquitoes A. aegypti at 700 g mosquitoes/kg diet) 

Number of 
applications: 1 toxic reference application 

Number of feeding: The fish were fed once daily with prepared diet (4% of the initial fish weight). 
Number of 
renewals: The test medium was renewed twice weekly. 

Replicates: 10 replicates (= fish) for each test item, control and reference item. 
Item details: Item groups were separated from each other in the culturing chamber to avoid 

contamination between treated/control test units and between treated test units. 
Test duration The duration of the test was 14 days. 
Test organism 
destruction: 

At the end of the study, the remaining test organisms were destroyed according to 
SynTech SOPs. 

Test conditions: Monitoring of environmental conditions was carried out throughout the study, at 
regular intervals, using calibrated equipment. Organisms were maintained at 
temperature of 20.5-22.4°C and in 16 hours light cycle (1120-1340 lux). 

Guideline: The study was conducted in accordance with the OECD guideline No. 204 modified 
for oral route of exposure. 

 
 
 

 
 

Exposure details 
 
Table 9: item applied concentrations 
 
 

 

* Based on the actual a.s. content of the toxic reference item. 
NA = not applicable; a.s. = active substance; f.p. = formulated product; GM = genetically modified. 
 
 

Item 
ID Item a.s. concentration / L 

test medium 
f.p. concentration / L 
test medium* Mosquitoes / kg diet 

C101 Control NA NA 700 g non-GM mosquitoes / kg diet 

T102 OX513A NA NA 700 g GM mosquitoes / kg diet 

R103 Potassium 
dichromate 100 mg a.s./L 100.03 mg f.p./L 700 g non-GM mosquitoes / kg diet 
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Assessment details 
 

The test endpoint is acute toxicity. Fish were considered as dead if there is no visible movement and if 
touching of the caudal peduncle produces no reaction. 
 
Sublethal effects were also recorded. These include all effects observed on the appearance, size and 
behaviour of the fish that make them clearly distinguishable from the control animals, e.g. different 
swimming behaviour, different reaction to external stimuli, changes in appearance of the fish, 
reduction or cessation of food intake, changes in length or body weight. 
 
Food intake was evaluated by verifying if the entire administrated diet quantity was consumed or if 
remaining diet was found in the test unit 1 hour after its administration. 
 
Each test unit was inspected daily during the exposure period. 
 
Representative samples of the test population were weighed and measured before the test starts. All 
survivors were weighed and measured at the termination of the test. 
 
The mortality was determined according to the following expression: 
Mean mortality (%) = 100 x [(T-L)/T] 
L = number of living organisms, T = total number of organisms 
 
The results were corrected for control mortality according to Abbott (1925): 

  
M% =  

Mt - Mc
100- Mc

 

 
 

 

 
 × 100   

where  M% =  corrected mortality 
Mt = % mortality in the test or toxic reference item group 

 Mc = % mortality in the control 
 
The statistical evaluation (NOEC/LOEC determination) was conducted with the software Minitab® 
Release 14. 
 
Table 10: Assessments details and dates 
 

Study Plan timing Actual date Action 

Day before exposure 14 OCT 2012 Length / weight of representative samples of the test 
population. 

First day of exposure 15 OCT 2012 
Application of the reference item and first oral exposure 
(feeding). 
Assessment (O2 / temperature / pH). 

Once daily during 
exposure period 15 to 28 OCT 2012 Assessment (mortality / sublethal effects / food intake). 

Twice weekly during 
exposure period 18, 22, 25 OCT 2012 

Test medium renewal. 
Assessment (O2 / temperature / pH) on the fresh and aged 
test medium. 

Last day of exposure 28 OCT 2012 Length / weight of all surviving test organisms. 
 
  



Study Number: 232SRFR12C1   Page No: 16 of 43 

 
 

RESULTS 
 
Validity criteria: 
 
The experimental phase of this study is valid, because: 
- Mean mortality in the control did not exceed 10% during the test period (actual value: 10%). 
- dissolved oxygen concentration was over 60% of the air saturation value throughout the test (actual 

minimum value: 73.5%) and environmental conditions (T°, pH) remained constant throughout the 
test (see Appendix 3). 

 
A summary of the results is given below and the individual data are shown in Appendix 2. 
 
Mortality: 
 
Table 11: P. reticulata 14-day mean mortality 
 

 

Item ID Item 14-day mean mortality [%] 

C101 Control (700 g non-GM mosquitoes/kg diet) 10 

T102 OX513A (700 g GM mosquitoes/kg diet) 0 

R103 Potassium dichromate (100 mg a.s./L) 100* 
 

* Item group significantly different from the control (ANOVA plus Dunnett’s after Log transformation, see Appendix 2). 
a.s. = active substance; GM = genetically modified. 
 
The mean mortality was 10% in the control and 100% in the toxic reference item. There was no 
significant difference between mortality in the control and the test item, after 14 days (ANOVA plus 
Dunnett’s, 95% confidence level).  
 
Abbott (1925) corrected mortality: 
 

Table 12: P. reticulata 14-day Abbott corrected mean mortality 
 

 

Item ID Item 14-day Abbott corrected mean mortality [%] 

C101 Control (700 g non-GM mosquitoes/kg diet) 0 

T102 OX513A (700 g GM mosquitoes/kg diet) - 11.1 

R103 Potassium dichromate (100 mg a.s./L) + 100* 
 

* Item group significantly different from the control (ANOVA plus Dunnett’s after Log transformation, see Appendix 2). 
a.s. = active substance; GM = genetically modified. 
 
Corrected mortality in the reference item group was 100%. There was no significant difference between 
corrected mortality in the control and the test item, after 14 days (ANOVA plus Dunnett’s, 95% 
confidence level). 
 
The NOER was found to be 700 g GM mosquitoes/kg diet and both LOER and LR50 were estimated to 
be > 700 g GM mosquitoes/kg diet. 
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Food intake, body length and weight:  
 
During the exposure period, the entire administrated diet quantity was consumed by the fish in both 
control and test item. No remaining diet was found in the test units 1 hour after administration. 
 
The day before the start of the test, 10 representative samples of the test population were randomly 
sampled and were weighed and measured. The animals were 20 to 26 mm (mean 22.5 mm) and 95.5 to 
371 mg (mean 206.8 mg; loading 0.698 g fish/L; see Appendix 2). All survivors in control and test 
item groups were weighed and measured at the termination of the test (see Table 13 below and 
Appendix 2). 
 
Table 13: P. reticulata 14-day body length and weight 
 

 

Item ID Item 14-day mean length 
[mm] 

14-day mean weight 
[mg] 

C101 Control (700 g non-GM mosquitoes/kg diet) 22.44 198.3 

T102 OX513A (700 g GM mosquitoes/kg diet) 23.20 212.9 
 

GM = genetically modified. 
 
There was no significant difference between fish length and weight in the control and the test item, 
after 14 days (ANOVA plus Dunnett’s, 95% confidence level). Hence the NOER was found to be 700 
g GM mosquitoes/kg diet and both LOER and ER50 were estimated to be > 700 g GM mosquitoes/kg 
diet. 
 
 
Other observed biological effects:  
 
No abnormal behaviour or appearance was observed among the fish in the test item, 14 days after 
exposure to the test item, in comparison to the control. 
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DISCUSSION AND CONCLUSION 

 
The study evaluated potential acute and sublethal effects of ingestion of mosquitoes of the genetically 
modified sterile strain Aedes aegypti OX513A towards the guppy Poecilia reticulata (Actinopterygii: 
Poeciliidae) in laboratory semi-static conditions, following oral exposure to larval and pupal life stages 
of Aedes aegypti OX513A over a period of 14 days. 
 
During the study period, the fish were fed with the transgenic mosquitoes once daily, by incorporating 
freshly defrosted larvae and pupae into the fish diet, at the rate of 700 g mosquitoes/kg diet. The 
quantity of diet administered daily did not exceed the amount ingested immediately by the fish and 
was kept constant during the study duration, i.e. 4 per cent of the initial fish weight. 
 
Acute and sublethal (appearance, size and behaviour) effects were observed once a day during 14 
days. 
 
Table 14: Summary of P. reticulata mortality, length and weight after 14-day oral exposure to Aedes 
aegypti OX513A 

 
 

Test item Genetically modified sterile strain Aedes aegypti OX513A 
Test organism Poecilia reticulata 
Test medium ISO reconstituted water 
Exposure Daily oral exposure 

Endpoint 14-day mortality 
[%] 

14-day length 
[mm] 

14-day weight 
[mg] 

Control (700 g non-GM mosquitoes/kg diet) 10 22.44 198.3 
OX513A (700 g GM mosquitoes/kg diet) 0 23.20 212.9 
LR50 / ER50 [g GM mosquitoes/kg diet] > 700 
LOER [g GM mosquitoes/kg diet] > 700 
NOER [g GM mosquitoes/kg diet] 700 

 

GM = genetically modified 

 
Conclusion 
 
The potential acute and sublethal effects of ingestion of mosquitoes of the genetically modified sterile 
strain Aedes aegypti OX513A on the guppy Poecilia reticulata (Actinopterygii: Poeciliidae) were 
investigated during 14 days in laboratory semi-static conditions. 
 
There was no significant difference between mortality, fish length, weight, appearance and behaviour 
in the control and the test item, after 14 days. Hence the NOER was found to be 700 g GM 
mosquitoes/kg diet and the LOER and LR50/ER50 were estimated to be > 700 g GM mosquitoes/kg 
diet. 
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Appendix 2  
Individual Data and Statistical Analysis 

 
(4 pages)  

   

 

  
 

  

Study number :  232SRFR12C1
Trial number : SRFR12-001-232XC1

C101 T102 R103*
0 0 0

Number of unusual behaviour 0 0 0
Number of moribund 0 0 0

0 0 2
Number of unusual behaviour 0 0 1
Number of moribund 0 0 0

0 0 4
Number of unusual behaviour 0 0 0
Number of moribund 0 0 0

0 0 4
Number of unusual behaviour 0 0 1
Number of moribund 0 0 0

0 0 5
Number of unusual behaviour 0 0 1
Number of moribund 0 0 1

0 0 6
Number of unusual behaviour 0 0 1
Number of moribund 0 0 1

0 0 7
Number of unusual behaviour 0 0 1
Number of moribund 0 0 0

1 0 7
Number of unusual behaviour 0 0 0
Number of moribund 0 0 1

1 0 8
Number of unusual behaviour 0 0 0
Number of moribund 0 0 1

1 0 9
Number of unusual behaviour 0 0 0
Number of moribund 0 0 0

1 0 9
Number of unusual behaviour 0 0 0
Number of moribund 0 0 1

1 0 10
Number of unusual behaviour 0 0 NA
Number of moribund 0 0 NA

1 0 10
Number of unusual behaviour 0 0 NA
Number of moribund 0 0 NA

1 0 10
Number of unusual behaviour 0 0 NA
Number of moribund 0 0 NA

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Number of dead

Acute and sublethal effects
Mortality ; Abnormal behaviour/appearance

Day 9

Day 10

Day 11

Day 12

Day 13

Day 14

Assessment
timing

Day 4

Day 3

Day 2

Day 1

Day 6

Day 7

Day 8

Day 5

* Item groups significantly different from control after 14 days
L = Living; D = Dead; NA = Not Applicable

Number of dead

Number of dead

C101
T102
R103

LR50/ER50

NOER
LOER

14-day Exposure

> 70% w/w OX513A mosquitoes
70% w/w OX513A mosquitoes
> 70% w/w OX513A mosquitoes

Items
Control (70% w/w non-GM mosquitoes)
Test item (70% w/w OX513A mosquitoes)
Potassium dichromate (100 mg a.s./L)
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One-way ANOVA: 14-day Mortality versus Item  
 
Source     DF      SS      MS      F      P 
Item   2  6,0667  3,0333  91,00  0,000 
Error      27  0,9000  0,0333 
Total      29  6,9667 
S = 0,1826   R-Sq = 87,08%   R-Sq(adj) = 86,12% 
 
                           Individual 95% CIs For Mean Based on 
                           Pooled StDev 
Level   N    Mean   StDev  ---+---------+---------+---------+------ 
C101   10  0,1000  0,3162    (---*--) 
R103*  10  1,0000  0,0000                              (---*--) 
T102   10  0,0000  0,0000  (--*--) 
                           ---+---------+---------+---------+------ 
                            0,00      0,35      0,70      1,05 
 
Pooled StDev = 0,1826 
 
Dunnett's comparisons with a control 
 
Family error rate = 0,05 
Individual error rate = 0,0273 
Critical value = 2,33 
 
Control = level (C101) of Item 
Intervals for Item mean minus control mean 
 
Level    Lower   Center   Upper  --------+---------+---------+---------+- 
R103*   0,7095   0,9000  1,0905                              (-----*----) 
T102   -0,2905  -0,1000  0,0905  (----*-----) 
                                 --------+---------+---------+---------+- 
                                       0,00      0,35      0,70      1,05 
 
 
 

One-way ANOVA: 14-day Length versus Item  
 
Source     DF       SS       MS     F      P 
Item   1  0,00084  0,00084  0,70  0,414 
Error      17  0,02026  0,00119 
Total      18  0,02110 
S = 0,03452   R-Sq = 3,97%   R-Sq(adj) = 0,00% 
 
                           Individual 95% CIs For Mean Based on 
                           Pooled StDev 
Level   N    Mean   StDev    +---------+---------+---------+--------- 
C101    9  1,3691  0,0309    (---------------*--------------) 
T102   10  1,3824  0,0375              (-------------*-------------) 
                             +---------+---------+---------+--------- 
                           1,344     1,360     1,376     1,392 
 
Pooled StDev = 0,0345 
 
Dunnett's comparisons with a control 
 
Family error rate = 0,05 
Individual error rate = 0,0500 
Critical value = 2,11 
 
Control = level (C101) of Item 
Intervals for Item mean minus control mean 
 
Level     Lower   Center    Upper     +---------+---------+---------+--------- 
T102   -0,02018  0,01329  0,04676     (----------------*---------------) 
                                      +---------+---------+---------+--------- 
                                   -0,020     0,000     0,020     0,040 
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One-way ANOVA: 14-day Weight versus Item  
 
Source     DF      SS      MS     F      P 
Item   1  0,0110  0,0110  0,19  0,665 
Error      17  0,9590  0,0564 
Total      18  0,9700 
S = 0,2375   R-Sq = 1,13%   R-Sq(adj) = 0,00% 
 
                           Individual 95% CIs For Mean Based on 
                           Pooled StDev 
Level   N    Mean   StDev  ----+---------+---------+---------+----- 
C101    9  2,2314  0,2588  (----------------*----------------) 
T102   10  2,2795  0,2168        (---------------*---------------) 
                           ----+---------+---------+---------+----- 
                             2,10      2,20      2,30      2,40 
 
Pooled StDev = 0,2375 
 
Dunnett's comparisons with a control 
 
Family error rate = 0,05 
Individual error rate = 0,0500 
Critical value = 2,11 
 
Control = level (C101) of Item 
Intervals for Item mean minus control mean 
 
Level    Lower  Center   Upper  -----+---------+---------+---------+---- 
T102   -0,1821  0,0481  0,2783  (------------------*------------------) 
                                -----+---------+---------+---------+---- 
                                  -0,12      0,00      0,12      0,24 
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Appendix 3 
Environmental Conditions Data 

 
(1 page) 

 
 

 
 
 

  

Study number :  232SRFR12C1
Trial number : SRFR12-001-232XC1

C 101 T 102 R 103 C 101 T 102 R 103
pH 7,57 7,58 6,61 7,31 7,34 6,29
T°C 21,8 21,8 21,8 21,6 21,4 21,6

O2 (mg/L) 9,9 9,9 9,8 7,4 7,6 7,9
pH 7,61 7,64 / 7,28 7,25 6,27
T°C 21,6 21,6 / 21,8 21,6 21,6

O2 (mg/L) 9,9 9,9 / 7,3 7,5 7,9
pH 7,55 7,51 / 7,22 7,18 6,21
T°C 21,8 21,8 / 21,6 21,8 21,6

O2 (mg/L) 9,8 9,7 / 7,2 7,4 7,5
pH 7,57 7,56 / 7,34 7,23 6,18
T°C 21,8 21,6 / 21,6 21,6 21,6

O2 (mg/L) 9,9 9,8 / 7,4 7,5 7,3
Day 11

Day 8

Fresh Test Medium Aged Test MediumAssessment
timing

Parameters

Day 4

Day 1

Day 1 to Day 14
Light intensity (lux)

20,5 - 22,4
1120 - 1340

Temperature (°C)
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Appendix 4  

Software Verification 
 

(1 page) 
 
MINITAB: 
 

 
 
Minitab® Release 14 Statistical Software. Minitab Inc., website: http://www.minitab.com 
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Appendix 5  

Certificate of Analysis 
 

(1 page) 
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TRANSGENIC PROTEIN tTAV: Assessment of allergenic risk 

 

Background 

tTAV is a recombinant tetracycline repressible activator protein. 

Genetically modified, transgene homozygous, mosquitos (Aedes aegypti) have been developed to 

control and limit mosquito population growth and vector transmission. 

The transgene codes for a protein (tTAV) that inhibits cellular function. The dominant lethal 

transgene is carried in genetically modified male mosquitos that are released to breed with wild-

type females. The trait prevents the resulting progeny that carry the gene from reaching maturity in 

the absence of tetracycline.  

The tTAV gene is expressed in a number of transgenic insect tissues and it is probable, therefore, 

that the gene will be transcribed in the salivary glands of transgenic mosquitos. 

The concern that has been raised is that if tTAV protein has inherent allergenic properties, and if this 

protein is indeed in the saliva, then the protein could potentially induce allergic sensitisation in those 

bitten by female mosquitos (male mosquitos do not bite). There is a case to answer because allergic 

reactions due to sensitisation to normal mosquito salivary proteins have been described (Kulthanan 

et al., 2010). Alternatively/additionally, a related concern is that tTAV might have a level of 

homology with a known protein allergen sufficient to elicit an allergic reaction in those already 

sensitised to the cross-reactive protein allergen. 

The two issues addressed here are: (a) whether there is an inherent allergenic hazard, and (b) 

whether there are possible human health risks with respect to allergic sensitisation. 

 

Inherent allergenic hazard 

The primary approach adopted to evaluate the inherent allergenic potential of tTAV has been to use 

a suite of bioinformatic tools to examine whether tTAV displays sequence homology with, or 

structural similarity to, known protein allergens. This approach was developed originally for the 

purposes of determining whether transgenes introduced into crop plants had the potential to cause 

allergic sensitisation and food allergy in future consumers. However, it must be appreciated that the 

factors that confer on proteins allergenic activity are independent of the route through which 

encounter with/exposure to protein occurs. That is, the properties that confer on proteins an ability 

to cause food allergy are the same as those that will enable a protein to cause allergic sensitisation 

of the respiratory tract. Thus, for instance, ovalbumin from hens’ eggs can cause food allergy and 

also respiratory allergy among those working in egg processing plants (James and Crespo, 2007). 

Moreover, there is now growing evidence that allergic sensitisation to peanut proteins can occur via 

skin contact in addition to dietary exposure (Kimber et al., 2014). It is therefore legitimate to use this 

well-established and well-validated bioinformatics approach to evaluate whether proteins have 

intrinsic allergenic hazard irrespective of the route(s) through which exposure may occur.  
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In the first series of bioinformatics analyses it was reported, using standard assessment criteria, that 

tTAV lacked sequence homology with known allergens (or toxins) (Goodman, 2011). This was 

subsequently confirmed in a second updated analysis in which it was again established that tTAV 

lacked significant homology with any known allergens. In the same series of investigations it was also 

reported that a second transgene product, DsRed2, a red fluorescent marker protein derived from 

coral and sea anemone species, also lacked homology with any known allergens (Goodman, 2013). 

The conclusion drawn from that second series of bioinformatics analyses was that tTAV (and 

DsRed2) lacks allergenic potential and does not display cross-reactivity with any known protein 

allergens (Goodman, 2013). 

On the basis of these data it can be stated that tTAV protein does not have the inherent potential to 

induce allergic sensitisation. The tTAV protein also lacks cross-reactivity with known human allergens 

and will therefore fail to elicit allergic reactions in subjects sensitised to other proteins.  

The conclusion is that neither tTAV, nor DsRed2, represent an allergenic hazard. 

Human allergy health risks 

It can be argued that if tTAV (and DsRed2) lack inherent allergenic properties (either the ability to 

cause the acquisition of sensitisation, or the ability to elicit allergic reactions in subjects sensitised to 

cross-reactive proteins), then there are no health risks irrespective of the route of exposure. 

However, for the purposes of completeness it is important to emphasise that even if there did exist 

an allergenic hazard then the likelihood that that would translate into a human health risk is very 

low.  

In this instance exposure would be associated solely with bites by female mosquitos resulting in the 

intradermal delivery of salivary proteins.  Although there is a precedent for the acquisition of 

sensitisation to proteins constitutively borne in mosquito saliva, the amount of transgene product 

that would be encountered via this route would be exceedingly small, if present at all, and unlikely 

to elicit an immune response. 

 

Conclusions 

 The available evidence indicates that tTAV (and DsRed2) lacks the inherent potential to 

induce allergic sensitisation. 

 In addition, neither tTAV, nor DsRed2, display a level of homology with known human 

allergens that would be required for the elicitation of  cross-reactive allergic reactions. 

 Levels of exposure to tTAV (and DeRed2) via mosquito bite will be extremely low, if present 

at all, and unlikely to initiate an immune response. 

 The transgene proteins to not pose human health risks with regard to allergy or allergic 

sensitisation. 
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Appendix L. Larval mosquito surveillance at the Key Haven sewage treatment plant, Monroe 
County, FL during the 2004-2015 period.

LARVAL MOSQUITO SURVEILLANCE ATTHE KEY HAVEN SEWAGE TREATMENT PLANT 

MONROE COUNTY, FLORIDA, 2004- 2015 

• ·~~ r • • • : 

Flo rida Keys Mosquito Control District 

10" June 2015 

1 



K~y Hav~n is a r~sid~ntial d~v~lopm~nt in Monro~ County, Florida, n~ar th~ city ofK~y W~st but outsid~ th~ city 

limits. K~y Hav~n is locat~d on an island officially known as Raccoon K~y, 1\ow~v~r, ~v~ryon~ r~f~rs to th~ island 

as "K~y Hav~n". An a~rial vi~w ofth~ ar~a is provid~d b~low. K~y Hav~n li~s to th~ north of US Rout~ 1 (Ov~rs~as 

Highway). Th~ s~wag~tr~atm~nt plant on K~y Hav~n is d~markat~d byth~ r~d circl~ in th~ photograph b~low. 

Location of th~ s~wag~ tr~atm~nt plant on K~y Hav~n (Raccoon K~y). 
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A clos~rvi~w ofth~ s~wag~tr~atm~nt plant on K~y Hav~n. 
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7.5 

Mosquito inspections at Key Haven sewage treatment plant: 

According to records mainta ined by the Florida Keys Mosquito Control District (FKMCD) in the Vector Control 

Management System (VCMS) da tabase, the first larval inspection at Key Haven sewage treatment plant (STP) was 

done on 19'" February 2004. The latest inspection as of this writing was conducted on 26" May 2015. During that 

period of 11 years and 3 months, 289 larval inspections were done. Of those inspections only 71 (24.6%) were 

positive for mosquito larvae. A total of 1,154 1arvae was collected; all but one collection were identified as Culex 

sp. or Culex quinque/asciatus. The sole exception was a collection made on 7'• August 2007 when 60 larvae of 

Aedes taeniorhynchus, the black sa lt marsh mosquito, were found in a pudd le of water on the property of the STP. 

No Ae. taeniorhynchus larvae were collected within the STP itself. 
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RAW DATA 

Survey Date Dips Taken No. Larvae Species Positive Dips 

12/27/2006 15:50 8 ex species 1 
8/1/2007 8:50 1 1 Mosquitoes 

12/26/2007 10:06 5 1 ex species 

1/7/2008 8:31 6 1 ex species 1 

2/1/2008 9:53 3 1 ex species 1 

3/18/2008 9:40 5 1 ex species 1 
10/2/2007 11:19 4 2 ex species 2 

12/19/2007 11:39 2 2 ex species 

2/11/2008 14:33 6 2 ex species 

2/13/2008 8:57 2 2 ex species 

3/25/2008 7:30 4 2 ex species 

4/1/2008 10:27 4 2 ex species 

4/29/2008 7:57 8 2 ex species 

4/29/2008 13:53 3 2 ex species 

8/21/2007 14:04 2 3 ex species 2 

9/25/2007 12:15 1 3 ex species 1 

2/26/2008 11:29 8 3 ex species 2 
10/16/2007 10:26 1 4 ex species 1 

10/22/2007 9:18 3 4 ex species 2 
2/22/2008 10:39 2 4 ex species 2 

12/20/2006 14:14 6 5 ex species 

8/14/2007 10:21 3 5 ex species 1 

3/17/2008 11:18 8 5 ex species 2 
5/13/2008 15:24 6 5 ex species 4 

8/30/2006 14:48 4 6 ex species 3 
10/23/2007 11:48 5 6 ex species 2 

12/26/2007 10:25 2 6 ex species 1 
2/19/2008 11:28 4 6 ex species 3 

4/15/2008 9:31 8 7 ex species 2 

4/14/2005 13:40 1 8 ex species 

8/28/2007 11:46 3 8 ex species 1 

10/30/2007 9:33 5 8 ex species 3 
1/22/2008 11:22 3 8 ex species 

3/17/2005 10:09 3 10 ex quinquefasciatus 2 

3/20/2007 15:18 3 10 ex species 

3/20/2007 15:19 3 10 ex species 

7/23/2007 16:05 2 10 ex species 2 

8/7/2007 11:48 1 10 ex species 

9/25/2007 11:57 2 10 ex species 2 
3/25/2008 14:39 2 10 ex species 1 

2/19/2004 10:00 1 12 ex quinquefasciatus 

10/16/2007 10:51 1 12 ex species 1 

1/18/2008 11:43 15 12 ex species 2 
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Appendix M 



Appendix M. Expert opinion on composition of mosquito saliva and introduction into human host during 
biting. 

What is the total volume of saliva in the salivary gland of a mature adult Ae. aegypti female? 

The volume of injected mosquito saliva is problematic to calculate, as the salivation is processed by an 
active flow of water through the cells stimulated during feeding by serotonin [1]. Perhaps more relevant 
is to aim at the total amount of protein in the salivary gland before and after the blood meal. 

Saliva of mosquitoes have a very high activity of the apyrase enzyme which hydrolyses ATP and ADP to 
AMP and orthophosphate, thus inactivating the platelet and neutrophil-aggregating properties of these 
nucleotides, which are released upon tissue injury [2-4]. Apyrase activity thus helps mosquitoes to feed 
and is a good marker of mosquito saliva. Oil-induced mosquito saliva leads to less than one microliter 
collections per mosquito. However, on average, saliva collected from 5 mosquitoes contain the same 
apyrase amount as one pair of adult female salivary glands [5]. 

Aedes adult female mosquito has near 3 ug of salivary protein, and about half this amount is lost during 
the blood meal [6]. However, mosquitoes reingest saliva while feeding, and about 25% of the salivary 
apyrase activity is recovered in the mosquito gut after a blood meal. In short, mosquitoes lose ~1.5 ug of 
salivary protein during the blood meal, ~0.75 is reingested, and ~0.75, or on the order of 1 ug stays in 
the host. 

What is the volume of saliva injected into a human per bite? 

See above. 

What is the protein composition of saliva in reference to what proportion of salivary proteins could be 
estimated to be represented by these two engineered proteins IF they were secreted into saliva?  

Aedes saliva contains near 100 polypeptides in several protein families [7] [4, 8]. Some of the most 
abundantly secreted include the aegyptin and members of the D7 family, in addition of apyrase and 
antigen-5 members [9]. If all proteins were expressed equally, they would have the same amount in the 
injected saliva of one mosquito, and thus would be represented at ~10 ng. Of course there is a large 
variation in the degree of expression, the most expressed being no more than 30% of the total protein in 
saliva, or 300 ng, with less than one ng for the least expressed. 

What is the total protein concentration per unit volume of saliva and the fraction of each major group 
of proteins as a reference to estimate the fraction that the engineered proteins may represent given 
the LOD available from Western blotting. 

As indicated above, there is a large variation in the degree of expression, the most expressed being no 
more than 30% of the total protein in saliva (aegyptin, also known as the 30 KDa antigen), or 300 ng, 
with less than one ng for the least expressed. 

Considering the WB protocol that was submitted, the authors used oil induced saliva of 5 mosquitoes as 
their unit of detection. This corresponds to about one pair of mosquito salivary glands, and about 4 
times the amount injected into a host during probing and feeding of the mosquito. Their limit of 
detection for the recombinant proteins (TAV ~ 0.8 ng and DsRed2 ~ 2.5-5 ng) are in line with the lowest 
amounts of salivary proteins injected by a mosquito. We can conclude by the report that if secreted in 



saliva, the recombinant proteins are in at least equal, or less abundance than the smallest fractions of 
mosquito saliva. Notice that the known mosquito allergens  [10-17] are represented by the abundantly 
expressed proteins, that would be on the range of dozens or hundreds of nanograms injected per 
mosquito bite. 
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