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Bed bugs are developing resistance to newer insecticides… 



Bed Bug-Killing Fungus –  

Promising Biopesticide 



Aprehend™ fungal biopesticide 
• http://www.aprehend.com/ 

• Spray-on formula based on an insect-infecting 
fungus found in nature 

• Fungus quickly spreads from infected bed 
bugs to uninfected bed bug 

 

 

http://www.aprehend.com/


Aprehend™ application 

• Minimal resident preparation  
• Sprayed strategically in areas with 

high bed bug traffic 
• Residual activity for up to 3 months  
• Can be used preventatively 

(quarterly applications) 

http://www.aprehend.com/ 

http://www.aprehend.com/


http://www.aprehend.com/efficacy/  

Aprehend™ - effectiveness 
Brief contact (2 in. or 15 mins) with 

biopesticide-treated surface led to high 
levels of bed bug death within 4 days; all 

bed bugs  were dead at 5 days. 

http://www.aprehend.com/efficacy/
http://www.aprehend.com/efficacy/


http://www.aprehend.com/efficacy/  

Aprehend™ – residual action 
Biopesticide residue was effective at killing bed 
bugs up to 3 months after application; all bed 

bugs died within 7 to 10 days after exposure to 
treated surfaces. 

http://www.aprehend.com/efficacy/
http://www.aprehend.com/efficacy/


Aprehend™ – effectiveness 
against resistant bed bug strains 

This 
biopesticide 

killed bed 
bugs that 

resist other 
types of 

pesticides. 

http://www.aprehend.com/efficacy/  

http://www.aprehend.com/efficacy/
http://www.aprehend.com/efficacy/


Delta Five 
Automated Insect Monitoring  

• https://deltafive.com/ 

• “Smart” monitoring system 

• Autonomously detects and 
captures pests, including bed bugs 

• Automated dispensing of bed bug lure 

• Sends notification (to email, mobile device, etc.) 
when pests are caught 

• Image (low-resolution) of pest sent with 
notification 

• Computerized management of multiple devices 

https://deltafive.com/
https://deltafive.com/


• Bed bugs were repelled from harborages that were 
yellow or green. 

• Bed bug adults and 5th stage nymphs (final immature 
stage before molting to adult) showed strong preference 

for harborages that were red or black. 
• First stage through fourth stage nymphs showed no 

color preference. 
• Adult females laid more eggs on harborages that were 

red, black, or blue. 
• Color may impact the effectiveness of bed bug monitors 

and traps. 



OSU’s Ohio Statewide Bed Bug Surveys  
(2011 and 2016) 

Survey regarding bed bug-related issues 
emailed or mailed to pest management 
companies and individuals licensed 
(category 10A) to treat for bed bugs in Ohio 

– 2011 survey  

• Response Rate = 225/632 = 35.6% 

– 2016 survey 

• Response Rate = 329/1041 = 31.6% 

 



2009-10 

“…the five hot spots for bed bug activity, 

according to Orkin treatment data:” 

Cincinnati 

Columbus 

Chicago 

Denver 

Detroit 

 

“Nationally, Orkin saw bed bug treatments 

double from 2008 to 2009, a trend it expects 

will continue this year.” 



2016-17 

(1 Dec 2015-30 Nov 2016) 



OSU Survey: Year Company 
Established 
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Large spike in 

2012 and 2013 

Overall trend is toward more companies that do 
bed bug work being established each year, with a 

huge increase in recent years.  
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2.9% 

27.3% 

40.5% 

9.8% 

12.7% 

6.8% 2.3% 

28.5% 

38.2% 

11.0% 

16.8% 

3.1% 

2011 2016 

1 

2 to 5 

6 to 10 

11 to 20 

none 

1 

2 to 5 

6 to 10 

11 to 100 

101 
to 

2000 

none 

10 or fewer employees: 
In 2011—80.5% 
In 2016—80.0% 

OSU Survey: Co. Size (# employees) 



OSU Survey: Number of Bed Bug Treatments in Ohio 
by licensed PMPs in 2011 and 2016 
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Number of Bed Bug Treatments 

Larger numbers of 
bed bug treatments 
were conducted by 
more PMPs in 2016 

than in 2011. 

In 2011, about 30% of responding PMPs didn’t offer bed bug 
treatments or conducted none, but 5 years later in 2016, about 97% 

of respondents were performing bed bug treatments. 



OSU Survey:  Number and Location of New 
Companies Doing BB Work (since 2010) 

Number  

of new 
companies 

Franklin 

Butler 

Hamilton 

Cuyahoga 

Cleveland 

Cincinnati 

Columbus 

Toledo 

Dayton 

Akron 

Canton 
Stark 

Lakek 

Ottawa 

County 
Major 

City 

Co. Pop. 

Rank 

County

Pop. 
Cuyahoga Cleveland 1st 1,266,049 

Franklin Columbus 2nd 1,196,070 

Hamilton Cincinnati  3rd 802,516 

Summit Akron 4th 541,106 

Montgomery Dayton 5th 536,270 

Lucas Toledo 6th 437,201 

Stark Canton 7th 375,105 

 

Largest number of new companies in four counties:  

(1st) Cuyahoga, (2nd) Franklin, (3rd & 4th ) Hamilton and Butler 

 

New companies primarily in and near Ohio’s most heavily 

populated metro areas with the most bed bug treatments. 
 



Franklin 

Butler 

Hamilton 

OSU Survey: Number of Bed Bug Treatments 

2005 

Cuyahoga 

Cleveland 

Cincinnati 

Columbus 

Toledo 

Dayton 

Akron 

Canton 
Stark 

Lucas 

Top counties for bed bugs 
(co. rank  by total residents): 
• Hamilton (3rd ) 
• Franklin (2nd) 
• Cuyahoga (1st), Lucas (6th), 

Butler (8th)  



0

50

100

150

200

250

300

350

2004 2005 2006 2007 2008

37 

84 

167 

2 

305 

Hamilton Co. Public Health Dept.1,2 Cincinnati Health Dept.3 

reporting system  
instituted 

0

200

400

600

800

1000

1200

2006 2007 2008

1,101 

~10 

724 

bed bug inspection 
program suspended 

* Represent a small fraction of overall bed bug infestations in area. 
  1Verified to be bed bugs. 2 Data courtesy of Greg Kesterman. 3Data courtesy of  Camille Jones. 

SW Ohio Bed Bug Complaints*   

Bed Bugs Make Their Way to Ohio 

2003 

& 

2004 



Hamilton 

Franklin 

Cuyahoga 

Butler 

Medina 

Stark 

Cleveland 

Cincinnati 

Columbus 

Toledo 

Dayton 

Akron 

Canton 

Warren 

2011 
4-5X higher 

than 2005 

scale 

Top counties for bed bugs 
(co. rank  by total residents): 
• Franklin (2nd)  
• Hamilton (3rd ) 
• Medina (16th) 
• Butler (8th) 
• Cuyahoga (1st) 

OSU Survey: Number of Bed Bug Treatments 



2016 
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OSU Survey: Number of Bed Bug Treatments 

8-10X higher 

than 2005 

scale 

Top counties for bed bugs 
(co. rank  by total residents): 
• Franklin (2nd)  
• Cuyahoga (1st) 
• Lucas (6th) 
• Hamilton (3rd ) 
• Summit (4th) 

Portage 



Number of Bed Bug Treatments 

2011 2016 

4-5X higher 

than 2005 scale 
8-10X higher 

than 2005 scale 
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OSU Survey: Bed Bug Treatment Sites 
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Residences made up the largest share of bed bug work, 
especially multi-unit residences. 



OSU Survey: Bed Bug Treatment Methods 
(nonexclusive) 
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Since 2011, a larger percentage of OH PMPs are using 
insecticides, heat treatments (especially structure-based), 

and treated mattress liners. 



 Top 5 Treatment Methods (nonexclusive): 

2011 

1. Insecticides*  

2. Vacuuming† 

3. Encasements 

4. Laundering 

5. Disposal 

*’Insecticide Spray and Dust’ listed as one category on 2011 survey but as two separate categories on 2016 survey 
†Vacuuming ‘by customer’ and ‘by other than customer’ listed as two separate categories on both surveys 

2016 

1. Insecticides*  

2. Vacuuming† 

3. Heat treatment 

4. Laundering 

5. Encasements 



OSU Survey:  Visits Needed / Infestation 
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2-3 visits were most 
commonly needed 

per infestation. 



0.6% 

2.9% 

17.3% 

79.2% 

OSU Survey:  Percentage of Respondents Using 
Visual Detection 

1.5% 

12.0% 

86.5% 

2011 2016 

Rarely Sometimes 

Often 

Always 

Often 

Always 

Slight decrease in PMPs who “always” used  
visual detection 
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2011 

30.5% 
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10.4% 

8.5% 

2016 

OSU Survey: Percentage of PMPs Using 
Sticky Traps or Glue Traps (Passive Monitors) 

Always 
Always Never 

Rarely 

Sometimes 

Often 

Never 

Rarely 

Sometimes 

Often 

Decreased use of sticky traps for bed bugs 
 (sticky traps are not very effective in capturing  

bed bugs) 



Sticky Trap 
Ineffectiveness 

“Failures to detect bed 
bugs occurred most often 
in apartments with the 
BDS [sticky] monitor.” Bed 
bugs were trapped by 
significantly more of the 
pitfall monitors (Black 
Climbup and BlackOut) 
compared with BDS. 0%

20%

40%

60%

80%

100%

Pitfall -  Climbup
BG

Pitfall -
BlackOut

Sticky -
BDS

% Apartments Detected 

88% 
79% 

39% 

(A) ClimbUp Insect Interceptor BG,(B) 

BlackOut BedBug Detector, and the 

sticky passive monitor, Bedbug Detection 

System (BDS), positioned in preparation 

for (C) inspection and (D) installation. 



Sticky Trap 
Ineffectiveness 

“The BDS [sticky monitor] required significantly longer time 
(7.4 ± 0.6 wk) to detect the bed bugs than either the Black 
ClimbUp (4.0 ± 0.6 wk) or the BlackOut (4.3 ± 0.6 wk) [pitfall 
monitors]…” 

0 1 2 3 4 5 6 7 8 9

Pitfall -Climbup BG

Pitfall - BlackOut

Sticky - BDS

Weeks to Detection 



Pitfall Traps (Passive Monitors) 
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7.9% 
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17.1% 

22.6% 
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2011 2016 

OSU Survey: Percentage of PMPs Using 

Some increase in 
use of pitfall traps 



71.1% 

9.4% 

9.4% 

8.2% 

1.9% 

Never 
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2016 
survey 

only 

OSU Survey:  Percentage of Respondents Using  
Canine Detection (Active Monitoring) 

 
Canine detection 

was not commonly 
used by Ohio PMPs. 
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OSU Survey: Do-it-yourself (DIY) for bed bugs 
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Increasing # of customers initially attempting DIY 
before calling for professional services. 



OSU Survey:  Misuse of DIY Products 
by Customers 

% of Customers Misusing DIY 
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Increasing number of customers 
misusing DIY products 



OSU Survey: Products 
Misused by Customers 

2016 

Alcohol 

Insecticide 
Dust or 
Powder 

OTC Fogger 

“Natural” 
Products 

Home 
Cleaner/ 
Disinfectant 

Professional 
Pesticide 

2011 
Alcohol 

Insecticide 
Dust or 
Powder 

OTC 
Insecticide 
Aerosol or 

Liquid 

OTC Fogger 

Professional 
Pesticide 

OTC 
Insecticide 
Aerosol or 

Liquid 

OTC foggers, alcohol, home 
cleaners, and “natural” products 
all increased as share of misused 

products.  



DON’T use bug bombs 

for bed bugs! 

www.nobuggy.com 



       - ”Bug Bombs” work very poorly 
against crawling insects 

 

       - Few bugs will be killed! 
 

  - “Bug Bombs” can cause bed bugs 
(and cockroaches) to  scatter!!! 

 

Bug bombs can worsen a  
bed bug problem! 

http://images.google.com/imgres?imgurl=http://www.clker.com/cliparts/0/6/8/b/11949850861579476906insecticide_nicu_buculei_01.svg.hi.png&imgrefurl=http://www.clker.com/clipart-2977.html&usg=__e2-Gqoq3EmAK1tIX0FcdlKAU36k=&h=595&w=570&sz=18&hl=en&start=32&tbnid=vJXOdi-tiuDWrM:&tbnh=135&tbnw=129&prev=/images?q=insecticide+clip+art&gbv=2&ndsp=20&hl=en&sa=N&start=20


Over-the-Counter Foggers (“Bug Bombs”) 

 

— OSU Research — 

http://images.google.com/imgres?imgurl=http://www.clker.com/cliparts/0/6/8/b/11949850861579476906insecticide_nicu_buculei_01.svg.hi.png&imgrefurl=http://www.clker.com/clipart-2977.html&usg=__e2-Gqoq3EmAK1tIX0FcdlKAU36k=&h=595&w=570&sz=18&hl=en&start=32&tbnid=vJXOdi-tiuDWrM:&tbnh=135&tbnw=129&prev=/images?q=insecticide+clip+art&gbv=2&ndsp=20&hl=en&sa=N&start=20


Percent (mean ± SE) of moribund and dead 

adult bed bugs at day 7 after having been 

sprayed with various alcohol products. 

You will not kill many bed bugs by 

spraying alcohol products. (You may 

drown some with a thorough soaking). 



DON’T use ultrasonic 

repellent devices against 

bed bugs or other insects. 



cockroach 
feces 

cockroach 
shed skin 

bed bugs nearby 



Reasons why residents 

should not dispose of 

furniture, mattresses, etc.: 

 

• Bed bugs will fall off the furniture as it is being 
moved, hence spreading the problem.  

• Infested furniture usually can be treated. 

• Bed bugs can quickly infest replacement   
furniture. 

• Items placed in dumpsters often are picked up 
and reused, thereby spreading bed bugs to 
other households.  

 

 



% of Customers Disposing of Furniture 

OSU Survey: Furniture Disposal 
by Customers 
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Many customers are disposing of bed bug-
infested furniture. 



19.1% 
39.5% 

24.7% 

7.4% 

1.9% 

7.4% 

OSU Survey:  Frequency of Customers 
Wrapping Items for Disposal 

Some improvement on customers’ 
wrapping items—still needs work. 

37.4% 
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27.0% 

33.3% 
21.4% 

6.9% 

3.8% 

7.5% 

OSU Survey:  Frequency of Customers 
Damaging/Defacing Items for Disposal 

Not much change in customers’ 
damaging/defacing items—needs more work. 
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8.1% 
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1.9% 
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OSU Survey: Frequency of Customers 
Giving Away/Selling Infested Items 
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If accurate, this is a very 
negative development! 



OSU Bed Bug Website 
http://u.osu.edu/bedbugs 
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• 1 Call Pest Contracting 
• 4 Corners Pest Solutions 
• 4Sure Pest Control 
• *A & A Pest Control Service 
• A-ABEL Exterminating Co. 
• Abell Pest Control 
• ABES Pest Control, Inc. 
• Absolute Extermination and 

Inspection, LLC 
• Accel Pest Control OH, LLC 
• *Ace Exterminating Co. 
• Acme Exterminating, Inc. 
• Action Exterminating 
• Action Now, Inc. 
• Action Pest Control, Inc. & 

American Exterminating Co. 
• Advanced Pest Control 
• Aero Pest Control, LLC 

• Affordable Exterminating 
• *Aid Pest Control, LLC 
• Algo Termite and Pest Control 
• All Ohio Pest Control Co. 
• All Pest Exterminating, Inc. 
• AllPest Pest Control and 

Solutions 
• All State Termite & Pest 
• All-Pro Wildlife Control 
• Alright Pest Solutions LLC 
• Alron Pest Control 
• Ampulex Environmental 

Solutions, LLC 
• Andy's Alliance Pest Control 
• Antrim Pest Control 
• *Apollo Pest Control 
• *Arab Termite and Pest Control 
• Arnold-Wilmar Pest Solutions 

 
 

• Arrest-A-Pest of Northern Ohio 
• Avalon Pest Control 
• Ayers Pest Mgt., LLC 
• Bay Pest Control 
• BCG, LLC 
• Beastmaster Pest Services 
• Bed Bug Burners, LLC 
• Bob Seljan 
• Boggs Pest Control, Inc. 
• *Bona Fide Commercial Services 
• Brookside Lawn Service, Inc. 
• Bryan Hartley 
• Buckeye Bug Blasters, LLC 
• *Buckeye Exterminating, Inc. 
• Budget Pest Control 
• Buentello Pest Control 
• Bug Off Pest Control 
• Bug Zappers 

Acknowledgements 
Participating Companies (Surveys): 

*Participated in both 2011 and 2016 surveys. 
Many participants elected to remain anonymous. 



Acknowledgements 
Participating Companies (Surveys): 

• *Capital City Exterminating Co. 
• Cavalry Pest Control 
• CCI Wireless 
• Central Exterminating Co., Inc. 
• Central Ohio Exterminating 
• Certified Extermination Solution 
• Christensen's Urban Insect 

Solutions, Inc. 
• Classic Care 
• *Cleveland Chemical Pest 

Control, Inc. 
• Clippinger Pest Control 
• *Columbus Pest Control, Inc. 
• Complete Termite & Pest Control 
• Contact Pest Control, LLC 
• Couch's Termite & Pest Control 
• Crankerup Pest Control 
• Critter Control of Cincinnati  
 

 
 

• Critter Control of Lexington 
• Cuyahoga Metro. Housing 

Authority 
• D/J Bug Away, LLC 
• Dan's Pest Patrol 
• David Hersh 
• Dayton's Bed Bug Dog, LLC 
• Dependable Pest Control 
• Dick's All Be Gone Pest 

Control Ltd. 
• Discreet Bed Bug Removal 
• *Discreet Pest Control 
• Eco-Care Pest Control 
• Economy Pest Control 
• Ecopro Pest Solutions  
• Elite Pest Management, LLC 
• *Epcon Lane 
 

 

• Extermital Termite & Pest Control, 
Inc. 

• Faith Enterprise Environmental 
Services 

• First Choice Pest Control 
• First Choice Pest Management Co. 
• Flag City Pest Control, Inc. 
• Frame's Pest Control, Inc. 
• Friend's Termite & Pest Control 
• Frobase Horticultural Services 
• Gary Benson Pest Control 
• Gary L. Bauer 
• Geauga Metro. Housing Authority 
• Gotcha! Pest Control Specialists, 

Inc. 
• Grass Master, Inc. 
• Great Lakes Pest Management 

Services 

*Participated in both 2011 and 2016 surveys. 
Many participants elected to remain anonymous. 



• Hartley's Termite & Pest Control, LLC 
• Hawx Pest Control 
• Hixco Integrated Pest Management 
• Holmes Pest Control, Inc. 
• Homewood Pest Control, LLC 
• *Hooper Termite & Pest Control 
•  House Physicians of Ohio 
• Imperial Pest Control, LLC 
• Innovative Pest Management, Inc. 
• InspectOhio 
• *Integrity Pest Solutions, LLC 
• JB Vegetation & Insect Control, LLC 
• John Henry's Pest Control 
• Joy Exterminating Co., LLC 
• Keith's Perfect Fit, LLC 
• Kline Pest Control Co., Inc. 
• L&S Termite and Pest Control, Inc. 
• Ladybug Services, LLC 

• Lakewood Exterminating 
• Lawnco, Inc. 
• Licking Metro. Housing 

Authority 
• Liechty & Sons 

Exterminating 
• LongPro Pest Control 
• Lucky Lee's Pest Control 
• Lu-Crest Pest Control 
• Lutes Flying Service, Inc. 
• Mauger Exterminating Co. 
• *Meredith Pest Control 
• Merlin's Pest Control 
• Miami University 
• Miami Valley Pest Control 

Service 
• *Michael’s Pest Control 
• Midwest Termite & Pest 

Control 

• Moore Pest Management Co. 
• Mulholland Pest Control, Inc. 
• *Ohio Exterminating Co., Inc. 
• Ohio Valley Pest Control 
• *Orkin, LLC (mult. branches) 
• Paragon Pest Elimination 
• Patrick's Pest Control 
• Pawnee Pest Management 
• PCS Lawncare 
• Pepzee Realty 
• *Permakil Pest Control, Inc. 
• Pesco Pest Control, LLC 
• Pest Pro Pest Solutions, Inc. 
• *Pest-All Exterminating 
• Phelps Termite & Pest Control 
• Pike Professional Pest Control 
• *Precision Pest Management 
• Premier Pest Control, LLC 
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• Prevent Pest Control 
• *Pro Kill, Inc. 
• Prokill Exterminating 
• Redwine Pest Control 
• Reliance Home Inspections 
• Responsible Services 
• Rid-X Pest Control, Inc. 
• *Rose Pest Solutions 
• RxProtect 
• S.A.B. Landscaping, Inc. 
• Scherzinger Termite & Pest 

Control Management, LLC 
• Scioto County Career Tech 
• Seckman Pest Control 
• Sideline Property  
• *Skyhigh Termite & Pest 

Control, LLC  
 
 

 

 
• Snowball Pest Control 
• *Speed Exterminating Co., Inc. 
• SPS Pest Control, Inc. 
• State Termite & Pest Solutions 
• Stewart Pest Control Co. 
• Stauffs Corp. DBA: Aid Pest 

Control 
•  Sure Thing Pest Control 
• T&M Pest Control, Inc. 
• Terminator Services 
• Terminix (multiple branches) 
• Termitco 
• *Terry the Bug Man 
• The Bug Guy Tom 
• The X-Terminator 
• TNT Exterminating Co. 
• Tom's Pest Control 
• Tony Shultz 
 

• Torco 
• TriCity Termite 
• Truly Nolen, Inc. (multiple 

branches) 
• Ultra Pest Control 
• Universal Pest Control 
• Valley Termite & Pest Control, LLC 
• Vandagriff Pest Control 
• Varment Guard 
• Vaughn Pest Control, LLC 
• Vegetation Solutions 
• Vollman Pest Control 
• Wells Thur-O Pest Control, Inc. 
• William A Barns Trust  
• Wright's Termite Pest Co. 
• Yards Done Right 
• Ziehler Lawn and Tree Care, LLC 
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Thank You! 

Sleep tight,  

and don’t let the …  
… well, you know the rest 



Questions? 
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