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Presenter
Presentation Notes
It has been stated by others that the common bed bug of humans, Cimex lectularius, was likely associated with man and bats when all three lived together in caves, somewhere in the Middle East.  The bugs later adapted to man-made dwellings and spread from caves, to villages, and to cities throughout the world as civilization advanced. Bed bugs were documented in Greece in 400 B.C.  Man’s use of fire definitely made him a more suitable host for the bed bug, especially in temperate regions during winter.  C.G. Johnson in England reported that the tremendous increase in bed bugs during the early 1900s was a result of central heating.



The More Things Change, the More They Stay the Same

1906: B. H. Walden, a station entomologist, used 
hydrocyanic acid to fumigate a house. After achieving 

total eradication, 5 more houses were treated.

1945: Practical trials were conducted at the 
Experiment Station using DDT against bed bugs. 

USDA pamphlet, 1947

2008: Fumigating a hotel complex for bed bugs in Hawaii
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Presentation Notes
The earliest reported research on bed bugs in Connecticut was by Experiment Station entomologist B. H. Walden who fumigated a house for bed bugs and then treated 5 others with success as well In the 1940’s, some experiments were performed with DDT. It is worth noting that the more things change, the more they remain the same.  While Walden used hydrocyanic acid to rid houses in New Haven of bed bugs 102 years ago, about 5 months back in Hawaii, the largest fumigation to date for bed bug control was undertaken at this upscale hotel.  All other efforts failed, so they enclosed the entire hotel with these colorful tarps and fumigated the entire hotel with Vikane (sulfuryl fluoride. All other efforts to control the bugs had failed.



The Life Cycle of a Bed Bug
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Presentation Notes
Bed bugs feed only on blood. (Fig) Their life-cycle, from egg to egg may take about 6-7 weeks in the summer in CT.  Using diagram, review life history of bed bug.  They have 5 juvenile or nymphal stages, each needing at least one blood meal.  Bed bugs are nocturnal, that is they are active at night, but they will feed in full daylight when hungry.  Females attach their small whitish eggs (about 1 mm long) to wooden and plaster surfaces and to mattresses, often in the crevices where they may hide in loose groups or clusters.  Each female may lay about 200 eggs in her lifetime, which may be several months. 



0
20
40
60
80

100
120
140
160
180
200
220
240

55 60 65 70 75 80 85
Temperature (Farenheit degrees)

D
ay

s 
to

 c
om

pl
et

e 
on

e 
ge

ne
ra

tio
n

Average number of days needed by a bed bug to 
complete one generation at specific temperatures 

(Johnson 1942)

Presenter
Presentation Notes
The number of days needed to complete a generation is dependent upon temperature, assuming a human host is always available.  The total days at 82 degrees is 34, a little more than a month.  At 73 degrees, the number of days is 61.  At 64 degrees, the number of days needed is 125.    
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Activity of bed bugs captured in traps during 3 hr intervals 
(Mellanby 1939)

University of Sheffield, UK

Presenter
Presentation Notes
This figure shows when bed bugs are most active during the night.  In Central England at the University of Sheffield in the late 1930s, an infestation of bed bugs was discovered and bed bugs trapped at 3 hr intervals to determine when they were active..  Few were active at 1:30 and 4:30 in the afternoon.  A few more were captured at 7:30 and 10:30 PM.  They were much more active at 1:30, 4:30, and 7:30 in the morning.



Don’t Let the Bed Bugs Bite!

Forearm Showing Linear Blisters Forearm Showing Multiple Blisters 
from Bed Bugs in a Sleeping Bag

Leverkus et al. 2006, J Invest Dermatol 126:91-96 Fletcher et al. 2002, Clin Exp Dermatol 27: 74-75

Dept. Med. Entomol., Univ. Sydney, Australia 2005

Bites on Arm Showing Rounded Swellings 
with Diffuse Redness

Presenter
Presentation Notes
Like fleas these bugs often produce a series of bites in so-called rows or in fairly straight lines, usually along the edge beside an item of clothing or a bed sheet that was lying against their human host’s skin at the time the bugs fed. (Fig) Engorgement requires 3 minutes for first-instar nymphs, but 10 to 15 minutes were required by the adults.  Bed bugs tend to concentrated on the arms, legs, and back, which are often exposed during sleep.



New Haven Apartment, 2007

Jim Miller

Jim Miller

White sheet on bed

Bed bugs in refrigerator

Presenter
Presentation Notes
I sort of became interested in bed bugs at a meeting in Greece in 2006 when I heard a European report there were no effective traps for bed bugs and that they were not strongly attractive to CO-2.  I thought this strange at the time.  Many months later, I ran into Susan McKnight, who had worked at the Experiment Station and was then employed by a small Connecticut company, BioSensory, who informed me about her bed bug trap that used heat and lures attractive to triatomes.  I said I would be interested in seeing it and possibly testing it worked in to unoccupied apartments.  I talked with the New Haven Health Department, namely William Quinn and Ken Rubano and they suggested that I talk with the New Haven Housing Authority, namely Hank Warner and Sheila Allen Bell.  With their help I started experimenting with bed bugs in this building (Fig), less than 300 yards from Yale New Haven Hospital.  The data are in press in a paper that will be published in Medical and Veterinary Entomology, a publication of the Royal Entomological Society.  My co authors are Frank Ferrandino, Susan McKnight, Jim Nolen, and Jim Miller.  
The apartment where most of the work was done had been occupied by a single resident.  A picture of her white sheet at the time she complained is shown here (Fig (Bed bug images 3)).  Bed bugs usually are not associated with refrigerators, but this is a picture of the inside of the refrigerator door showing bed bugs (Fig (Bed bug images 2)).  This is a picture of the trap inside this apartment (Bed bug images 5).  Describe trap.sting it.  I obtained a small number of traps and made arrangements to test them in an apartment complex in New Haven.




In Press. Medical and Veterinary Entomology
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Presentation Notes
Our results, which I shall now summarize, have been written and are in press in the scientific journal Medical and Veterinary Entomology, published by the Royal Entomological Society of the UK



Infested Apartments

Apartment with furnitureFurniture removed from apartment

Presenter
Presentation Notes
The apartment had been sprayed on three different occasions before I began trapping.  I did not know if any bed bugs were left alive.  In an infested unoccupied apartment, traps with heat and with or without the chemical lure were tested without CO2 on 29 trap-days and with CO2 on 9 trap-days.  The numbers of bedbugs captured were 656 and 5,898 in traps without CO2 and with CO2, respectively.   The numbers of bedbugs of all development [A1]stages captured were significantly greater in traps with CO2 (χ2 = 15,942, df = 1, P <10-9).  



Nonparametric two-way analysis of variance of data 
from 6 different types of bed bug traps tested in an 

unoccupied apartment without furniture

Trap Type No. Bed 
Bugs 

Collected

Mean Rank1

Trap No. CO2 Heat Lure Total

1 x2 x x 1,476 5.14 a

3 x x 0 668 4.10 ab

4 x 0 0 336 3.62 b

5 0 0 x 179 3.57 bc

2 0 x 0 80 2.48 cd

6 0 0 0 94 2.10 d

2,833 p<10-7

1 Ranks followed by the same letter are not significantly different (p<0.05).
2 x = bait present; 0 = bait absent.

Presenter
Presentation Notes
A nonparametric two-way analysis of variance evaluation of six different traps with or without CO2, heat, or a chemical lure over 19 trap-days in an infested apartment showed that trap type was highly significant (n = 2,833 bedbugs collected) (P <10-7).  The trap with CO2, heat, and a chemical lure captured more bedbugs than the other traps, but only caught significantly more fourth and fifth instar nymphs than all other traps (Fig, Table 2 from ms).  Otherwise, the catches in this trap were not significantly different from the trap that contained CO2 and heat only  
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Decline of Numbers of Captured Bed Bugs in a Naturally 
Infested Apartment, September 4 - October 5, 2007
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The total numbers of bedbugs collected for each trapping date (pooling all 6 traps) followed an exponential decline over the trapping period.  This type of trap, which caught bedbugs in unoccupied apartments with and without furniture, and an occupied apartment, may have utility in studying the ecology of bedbugs, in detecting bedbug infestations, and in reducing the numbers of bites by trapping host-seeking.



The Bed Bug Arena

Trap with CO2

The Refuge

Control



Number of bed bugs captured in traps 
placed in the laboratory arena

Experiment 
No.

Treatmenta Replicates Total bed bugs

Trap 1 Trap 2 Released Trap 1 Trap 2 Not captured

1 50 CO2 0 4 40 31b 2 7

2 0 50 CO2 4 40 4 28 8

3 100 CO2 0 8 80 60 8 12

4 300 CO2 0 4 40 26 6 8

5 400 CO2 0 8 80 60 7 13

6 400 CO2 400 air 4 40 26 6 8

7 400 CO2 , H, L 400 air 4 40 30 5 5

8 H 0 8 80 37 12 31

9 L 0 4 40 10 12 18

aNumbers indicate flow rate (mL / min) of released gas in trap (CO2 or air), H signifies heated trap, L signifies the
use of the chemical lure, and 0 indicates that an attractant was absent.
bCounts in yellow are significantly (p<0.05) larger than the catch in the other trap.
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Presentation Notes
A resting human expires about 250 ml / min or 15 liters / hour.  



lambda-cyhalothrin
permethrin

(s)-hydroprene
cyfluthrin
bifenthrin

fenvalerate
propoxur

Residual Insecticides Registered for Control of 
Bed Bugs on Surfaces other than on Mattresses

Shelves of insecticides designed 
for bed bug control at Karp’s 

Hardware, Hope St., Stamford, 
March 10, 2008 

Phyllis Mazik
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It is only recently that businesses have been having shelves devoted entirely to products for control of bed bugs as shown at Karp’s Hardware in Stamford.  This is clearly one indication of the severity of the bed bug infestations in Connecticut.  Some will find it difficult to accept a pesticide application directly to the bed, including the mattress.  However, I am very interested in finding products that are effective, long lasting and legal to use on mattresses because most of the bed bugs that are feeding will do so on the person when he or she is sleeping in bed and thus these bed bugs are most likely to come into contact with the insecticide that is applied to a ;portion of the bed, namely the mattress.. 



Insecticides Registered for Control of 
Bed Bugs on Mattresses

Residual Chemicals
deltamethrin

cyfluthrin
silica

ground limestone
permethrin
pyrethrins

Contact Chemicals

pyrethrins

d-phenothrin

alcohols

NC State University Cooperative Extension 2006



Richard Cowles Applying Residual Chemicals to 
Filter Papers, Hardboards, and Mattress Covers

Applying Drione® 
to a soil sifter

Hardboards treated with 
Drione®

Applying D-Force™
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Therefore, Richard Cowles and I have set up an extensive study on the efficacy of insecticides for the control of bed bugs.  There are many products on the market being sold to ordinary citizens and pest control operators, and it is our intention to evaluate  most of these products.  We are testing them on adults from our colony and are evaluating the response to pesticides applied different surfaces such as filter paper, hardboard, and to mattress covers.
We are testing sprays and dusts according to the label directions.-Photo
And we will be attempting to determine the LD-50s of the active ingredients



Treatment Age of residue (days after treatment application)

1 15 36 56

Acetone 10 2.2 6.7 1.7

Bedlam 15.6 0 Not Done Not Done

D-Force HPX 86.7 42.3 50 16.7

Drione 100 100 100 100

Percent Mortality of Bed Bugs Exposed 
to Insecticidal Residues



Non-chemical Control of Bed Bugs
Vacuuming

Laundering & Drying

Filling Cracks 
& Crevices

Reducing clutter

Thermal Treatment

Steam Treatment

Cold Treatment 
(including Cryonite)

Mattress 
encasement

http://www.paintsource.net/images/interface_images/DSC00008.JPG
http://www.bedbugcentral.com/Editor/assets/bed bugs/encasement_preventive7.jpg


The Bat Bug: Cimex adjunctus Barber

Tricia and Rollie Hannan

Little brown bat infested with bat bugs, 2008
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Presentation Notes
On June 27 last summer, Rollie Hanna and his wife Tricia, collected bat bugs from this little brown bat in their barn in Southbury and then allowed us to collect bat bugs in their barn at weekly intervals throughout the summer.  Late on each Friday afternoon, I would put out the traps and on Saturday morning, Andy Main and I would remove the bat bugs from each trap, reset the traps, and return on Sunday morning. 



Rollie Hannan’s Barn

Andy Main
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Rollie’s barn was built about 1765, 11 years before 1776, so the bats may be descendents of bats visiting this barn before our country was established.



A Cluster of Bats

Andy Main

Little Brown Bat
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Bats along center beam of barn



Andy Main

Bat Bug Traps Alongside of Bat Droppings

Presenter
Presentation Notes
Set up of traps inside barn



The Virus Lab at the Connecticut Agricultural Experiment Station

Andy Main Bonnie Hamid
Mike Vasil

Tanya Petruff
Mike Misencik

John AndersonAngela Penna
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