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1. Scope of Guidance Document 29 

This guidance provides recommendations for the design and execution of laboratory studies 30 

to evaluate the performance of biocidal products in any formulation such as a liquid, 31 

aerosol, fog, or impregnated fabric intended to repel, attract, and/or kill bed bugs (Cimex 32 

lectularius). It does not apply to repellent products applied to human skin. The guidance is 33 

based upon the American Laboratory Product Performance Testing Methods for Bed Bug 34 

Pesticide Products (US EPA 2017, OCSPP 810.3900) and incorporates information from 35 

laboratory efficacy testing standards for biocidal products against bed bugs in the 36 

framework of the German Infectious Diseases Protection Act (18, 46). Investigators should 37 

ensure research is conducted in compliance with any applicable laws or regulations, which 38 

are independent of and additional to those cited in this guidance. 39 

  40 
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2. Definitions 41 

The following definitions are of special importance in understanding this guidance 42 

document. They apply only in the context of this guidance and are not intended to be more 43 

generally applicable. 44 

 45 

1. A bed bug attractant is a substance that causes bed bugs to make oriented 46 

movements towards its source. 47 

2. A biocide is a product with an active substance or with a formulation containing 48 

one or more active substances intended to destroy, deter or attract, render harmless, 49 

or prevent the action of, or otherwise exert a controlling effect on any harmful 50 

organism by chemical or biological means.  51 

3. Behavioural resistance refers to the avoidance by arthropods of a toxin through 52 

detection or recognition (22). 53 

4. A product that controls bed bugs demonstrates that the insecticide application 54 

shows a sufficient efficacy (e.g. mortality and/or knockdown/morbidity followed 55 

by mortality and/or residual efficacy). See also the definition for “residual 56 

efficacy.” 57 

5. Crossing is the act of passage by a bed bug from an untreated surface to a treated 58 

surface or over a treated surface to another untreated surface. 59 

6. The EC50 of a dose response curve represents the effective concentration of an 60 

insecticide needed to knockdown 50% of the test population, after a specified 61 

exposure time. 62 

7. The EC90 of a dose response curve represents the effective concentration of an 63 

insecticide needed to knockdown 90% of the test population, after a specified 64 

exposure time. 65 

8. A fumigant is an insecticide that is applied in the gaseous state or that forms a gas. 66 

Fumigants may be used to kill bed bugs indoors or in containers. 67 

9. A bed bug harborage is a sheltered area or refuge for bed bugs. 68 

10. A bed bug host is a mammal (especially humans) or bird that bed bugs bite to obtain 69 

blood for their survival and reproduction. 70 

11. Host-seeking of bed bugs is the behaviour of bed bugs actively seeking a host. 71 

12. An insecticide is a substance that kills insect pests. 72 

13. An Insect Growth Regulator (IGR) is an insecticide that inhibits the maturation of 73 

a bed bug through its life cycle.    74 

14. Bed bug knockdown refers to a bed bug that is rendered incapable of coordinated 75 

movement or unable to right itself following exposure to a biocidal product. In 76 

contrast to “moribund”, bed bugs considered as knocked down have the potential 77 

to recover during evaluation observations. 78 

15. LD50 is a measure of lethality of a given toxicant calculated as the dose of toxicant 79 

needed to kill 50% of a test population. 80 
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16. LD90 is a measure of lethality of a given toxicant calculated as the dose of toxicant 81 

needed to kill 90% of a test population. 82 

17. Moribund refers to bed bugs that are on their backs with only slight muscle 83 

twitching of the extremities. Bed bugs exhibiting this behaviour may not be 84 

considered dead. In contrast to “knockdown”, bed bugs considered as moribund 85 

will not recover. 86 

18. Mortality refers to bed bug death. A dead bed bug is a bed bug that does not move, 87 

even when poked or probed. 88 

19. An ovicidal product is an insecticide product that kills bed bug eggs. 89 

20. Insecticide resistance is a heritable decrease in the susceptibility of a pest strain or 90 

population to a given insecticide. This change is revealed in the repeated failure of 91 

a product to achieve the expected level of mortality when used according to the 92 

label directions for that pest species (22).     93 

21. A positive control is a treatment with a well-known effective biocide.  94 

22. A repellent is a substance, causing bed bugs to avoid a treated substrate (e.g. 95 

disrupting the host-seeking or shelter-seeking behaviour of bed bugs). 96 

23. Residual efficacy refers to a surface or space treated with a biocidal product 97 

continuing to provide the intended biocidal effect at an acceptable level for an 98 

extended length of time after application. The product’s residues should be 99 

effective for at least 24 hours post application. 100 

24. Resistance Ratio (RR) is a quantitative expression of the resistance of a bed bug 101 

strain to a specific active ingredient or product formulation. A resistance ratio (e.g. 102 

RR50) is calculated by dividing a quantitative measure of the lethality of a given 103 

insecticide (e.g. LD50 value) for a bed bug strain of unknown level of resistance 104 

by the corresponding measure of lethality for a strain known to be susceptible to 105 

the given insecticide. A resistance ratio equal to or greater than 100 is characteristic 106 

of a resistance strain. It has to be acknowledged, that practical bed bug control may 107 

fail even in bed bug populations with a resistance ratio < 100. 108 

25. A resistant bed bug population/strain refers to bed bugs that survive an insecticide 109 

dose known to kill or control bed bugs. 110 

26. A susceptible bed bug population/strain refers to bed bugs that exhibit mortality 111 

when exposed to an appropriate dose of an effective insecticide for bed bugs. 112 

Ideally, susceptible bed bugs will not have a history of exposure to the biocidal 113 

mode of action being tested. 114 

  115 
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3. Development of protocols for bed bug studies 116 

The first major stage of bed bug product testing is the development of a study protocol. 117 

General considerations in developing a study protocol for bed bug studies include scientific 118 

design of the study, data collection, data analysis, and reporting. Each of these topics is 119 

discussed in more detail in the sub-sections below. 120 

3.1. Scientific design of research.  121 

To be scientifically justified, the development of a new test protocol should address an 122 

important research or testing issue that cannot be answered by existing data. In addition, 123 

the new test design should be likely to provide a definitive answer to the research question. 124 

A detailed description of the experimental design and bed bug rearing (h) should be 125 

included. 126 

a. Objectives. In the case of claims that products kill and/or knockdown bed bugs, 127 

the objective of bed bug product performance testing is to determine that a 128 

product application made at the proposed label claim kills or knocks down the 129 

bed bugs. For claims that products attract or repel bed bugs, the objective of 130 

product performance testing is to determine the ability of a product to 131 

encourage or deter bed bugs to or from a pre-determined locale. For “control 132 

bed bugs” claims, the objective is to determine that the insecticide application 133 

shows a sufficient efficacy (e.g. mortality and/or knockdown/morbidity 134 

followed by mortality) and/or residual efficacy. In all cases the scientific 135 

objective should be stated clearly, and all treated bed bugs should be compared 136 

to control bed bugs that have received no treatment (5, 12, 18, 21, 29). 137 

Test materials and treatments. Product performance should be tested using 138 

the end-use formulation and application rates as registered or as proposed for 139 

use. Test materials should be stored at ambient temperature and humidity for at 140 

least one day before use. 141 

b. Product treatments for product performance tests: 142 

i. Products that target bed bug nymphs and adults. Testing of products 143 

that target bed bug nymphs and adults should be conducted with both, bed 144 

bug nymphs and adults. Preferably, when nymphs are tested, the last two 145 

nymphal stages (J4 or J5) should be used. 146 

ii. Products that target bed bug development. Testing of products that 147 

target bed bug development should be conducted with mixed nymphal 148 

stages or eggs as appropriate. A blood meal should be available to provide 149 

the nourishment needed for bed bugs to moult from one nymphal stage to 150 

the next. The blood meal should be identified. 151 

iii. Products that target bed bug eggs (ovicidal products). Testing of 152 

products that target bed bug eggs should be conducted with the egg life 153 

stage only. 154 

c. Dose determination. The test dose in bed bug product performance studies is 155 

the lowest application rate from a proposed product label. The dose will differ 156 

according to the surface type (sorptive/non-sorptive). The rate should be 157 

reported using metric system measurements, as mg or ml of test chemical/cm2 158 

for surface area treatments or volumetrically as ml of test chemical/m3 for space 159 
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spray, total release aerosols, and fumigant treatments. The amount of active 160 

ingredient tested per unit area or volume should also be given. 161 

d. Testing conditions. During bed bug product performance testing the 162 

temperature should be kept at 22 ± 4C (unless otherwise justified, e. g. realistic 163 

use in cold conditions), with a relative humidity of 40-60%, and a photoperiod 164 

ranging from L:D 12:12 h to L:D 16:8 h. The temperature during the test should 165 

be kept as constant as possible because changes can affect the performance of 166 

the product treatments. 167 

e. Choice of endpoints and measures. Endpoints chosen for the study should be 168 

appropriate for the specific objectives of proposed research and likely to 169 

provide a robust answer to the research question. Generally, the endpoints 170 

tested will be bed bug knockdown, morbidity, kill, repellency, or attraction 171 

tested at the claimed labelled application rate and will determine whether or not 172 

a product is efficacious. The selected endpoint should be included into the 173 

protocol. Bed bugs should be removed and placed into a clean container within 174 

a maximum of 4 hours or, in accordance with the claim, after onset of exposure 175 

to the biocide application.  176 

The exception in the product evaluation is the simulated-use test with a test 177 

duration of 24 h (Section 4.3) and the simulated-use test for repellents with a 178 

test duration of at least 8 h (Section 4.4.). 179 

Besides product evaluation, laboratory studies can be done for resistance ratio 180 

determination and characterization of bed bug strain susceptibility where bed 181 

bugs should be exposed to the treated filter paper in each treatment for 24 hours 182 

(Section 4.1.). 183 

For knockdown evaluation, observations should be made within a few minutes 184 

post exposure. For mortality evaluation, observations should be reported at 24, 185 

48, 72, and 96 hours up to 8 days post-exposure (or according to the claim) 186 

unless all bed bugs die or negative control mortality exceeds 10% (18). Data 187 

will not be acceptable if control mortality exceeds 10%. Observations of 188 

mortality occurring after 96 hours should be justified based on the mode of 189 

action and application type. Survival of bed bugs beyond 8 days in negative 190 

control replicates does not justify making observations after 8 days. The 191 

number of dead, knocked down, moribund and live bed bugs in each replicate 192 

should be recorded. A count on mortality should be separate from a count on 193 

knockdown and morbidity. The percentage of bed bugs killed, moribund and 194 

knocked down, exclusively, for each treatment at each test interval should be 195 

recorded. Confidence limits around the reported mean or median values should 196 

be reported. Evaluation of speed of kill or additional knockdown evaluations 197 

should include more observations on the first day of the test (e.g. observations 198 

2, 4 and 6 hours post exposure) to record the data needed to support the desired 199 

claims. If a test recommends that a bed bug should be contained during 200 

exposure to an insecticide, a bed bug should not be confined to a treated surface 201 

for more than 4 hours or in accordance with the claim. For the evaluation of 202 

products containing attractants or repellents, the endpoint is the minimum 203 

efficacy on the label claim, e.g. percentage of repelled or attracted bed bugs in 204 

a given time, respectively.  205 

f. Test organisms. Testing should be conducted with a demonstrably susceptible 206 

laboratory strain of the common bed bug, Cimex lectularius. If Cimex 207 

hemipterus is claimed, this species should be tested. Tests should be conducted 208 
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with both, male and female bed bugs, in a balanced sex ratio. If strains collected 209 

in the field are tested, their susceptibility to the given insecticide has to be 210 

evidenced by bioassays and/or molecular methods before testing. Testing 211 

should occur no later than the second lab-reared generation. If more generations 212 

are needed to produce sufficient numbers of bed bugs for testing, it should be 213 

indicated in the study report. Bed bugs should be blood fed and should be tested 214 

preferably seven days after the last blood meal. Deviations of five to ten days 215 

after the last blood meal are possible. 216 

g. Representative sampling. 217 

i. Sample size. The sample should be large enough (with a minimum of 50 218 

bed bugs) to likely yield a definitive answer to the research question being 219 

addressed, and its size should be justified statistically, taking into account 220 

the specific characteristics of the proposed research and the necessary 221 

accuracy and precision of the results. 222 

ii. Replication. A minimum of five replicates of ten bed bugs each and 223 

balanced (equal number of treated and control replicates) experimental 224 

designs are recommended for most studies. Exceptions will be noted in the 225 

guidance that follows in this document. 226 

Other factors that may affect sample size and replication are the number of 227 

treatments, the experimental design, and the heterogeneity of the sample bed 228 

bug population (e.g. developmental stage, sex, insecticide susceptibility) and 229 

the environment (different habitat population densities). The protocol should 230 

fully describe how sample size and replication were determined. 231 

h. Bed bug rearing, handling, and maintenance. When applicable, a description 232 

of the bed bug laboratory colony rearing practices should be included. 233 

Collection details and maintenance procedures for field-collected strains should 234 

be described. Bed bug feeding can be conducted on animal as well as on human 235 

hosts or alternatively artificially. Although bed bugs can be fed on small 236 

mammals like rabbits, for animal welfare reasons in vitro feeding methods 237 

should be preferred (1, 28). Different membrane feeding systems can be used 238 

to offer the blood meal (1, 28). In addition, a Hemotek® system can be used. In 239 

this case, a flat blood reservoir should be preferably used, in which erythrocytes 240 

do not sink to the bottom of the feeder where bed bugs cannot reach them. 241 

Different membranes like double stretched parafilm, collagen or silicone can 242 

be used. Before feeding, bed bugs should be placed in a jar closed with gauze 243 

or mesh screening which bed bugs can pierce but cannot escape. 244 

i. Negative control. A negative control should be included in all testing. The 245 

number of negative control replicates should equal the number of replicates for 246 

each treatment. When appropriate, a negative control is typically treated with 247 

diluent only or receives no treatment at all. 248 

j. Positive controls. A positive control is not necessary. An appropriate positive 249 

control, if available, is recommended for determining a resistance ratio. 250 

k. Statistical analysis plan. Protocols should include a full description, 251 

explanation, and justification for the statistical methods proposed to analyse 252 

both resistance ratio determinations and product performance test results, 253 

taking into account the specific study objectives and variables. A statistician 254 

should be consulted when developing test protocols. Protocols should explicitly 255 

describe the model to be used and demonstrate whether or not assumptions 256 
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underlying the model can be met for all proposed analyses. Restrictions on 257 

randomisation of any testing components should be documented clearly and 258 

should be accounted for correctly in the statistical analyses. Generally, 259 

generalized linear models (GLMs) (25) are recommended to fit models directly 260 

to non-normal (e.g., binomial – which describe much of the collected product 261 

performance data sets) data using a probit link or logit link function. GLMs do 262 

not involve transforming the response variable, thereby allowing the data to 263 

remain on the original scale of measurement. Generalized linear mixed-models 264 

(GLMM) (13, 14, 19, 21) may also be appropriate. Software for analysis using 265 

GLMs or GLMMs is available in many widely sold statistical analysis 266 

packages. If survival analyses (27), such as the Kaplan- Meier Estimator, are 267 

used, provide justification for use of the median value to characterise product 268 

performance and demonstrate that the underlying assumptions of these analyses 269 

have been met. Other analysis including assumption of the normal distribution 270 

should be described and justified (2, 9, 37, 40, 44). 271 

l. Quality assurance /Quality control (QA/QC) plan. Protocols should provide 272 

for periodic quality assurance inspections that are adequate to ensure the 273 

integrity of the study and consistency with the provisions of OECD Principles 274 

of Good Laboratory Practice (GLP) and Compliance Monitoring 275 

(ENV/MC/CHEM(98)17). 276 

m. Quality Assurance (QA) oversight. Product performance testing is subject to 277 

the OECD Principles of Good Laboratory Practice and Compliance Monitoring 278 

(GLP) (ENV/MC/CHEM(98)17). The GLP states that each testing facility 279 

should include an independent Quality Assurance (QA) unit and that the QA 280 

unit monitors execution of each protocol and documents its conduct in 281 

accordance with the GLP (ENV/MC/CHEM(98)17). The QA unit will inspect 282 

each study at intervals adequate to ensure the integrity of the study and maintain 283 

written and properly signed records of each periodic inspection. 284 

n. Protocol amendments. Amendments are planned changes to the protocol and 285 

should be made before the study is executed. All amendments to the protocol 286 

should be noted in the written report. 287 

o. Deviations from protocol. Even when executing the best-designed and most 288 

comprehensive protocols, unanticipated deviations from the protocol may 289 

occur. All such deviations from the protocol and their impact on the research 290 

should be fully reported in the study report. 291 

3.2. Data collection and reporting 292 

Study protocols should provide for collection and reporting of data covering all aspects of 293 

the research including the following elements: 294 

a. Study identification: Title, identifying study number(s), sponsor, study 295 

director, investigators, name and location of the testing facility, and dates of the 296 

study should be reported. 297 

b. Approved or proposed label directions for use: A copy of the proposed or 298 

approved product label should be included. 299 

c. Study objective(s): The purpose of the study should be stated. 300 

d. Testing conditions: Information on temperature, relative humidity, ambient 301 

light and photoperiod, and air flow (where applicable) should be reported. 302 

https://one.oecd.org/document/ENV/MC/CHEM(98)17/en/pdf
https://one.oecd.org/document/ENV/MC/CHEM(98)17/en/pdf
https://one.oecd.org/document/ENV/MC/CHEM(98)17/en/pdf
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e. Testing system, including but not limited to: 303 

 Bed bug species tested, including identification of strains of susceptible and 304 

field bed bug populations, where bed bug strains were collected/obtained; 305 

development stage, age, and sex of bed bugs; and methods for preparation 306 

of bed bugs for test (feeding/starving), and when appropriate, the blood 307 

meal should be identified (20, 35, 42). 308 

 Bed bug rearing, handling, and maintenance. 309 

 Description of test chemical (i.e. product, % active ingredient, and 310 

formulation to be tested). Negative control should also be described. 311 

 Description of the experimental unit. 312 

 Treatment application rate and method of application (rate should be 313 

consistent with label instructions). 314 

 Number of product treatments. 315 

 Number of negative control replicates. 316 

 Number of positive control replicates (where applicable). 317 

 Number of replicates per treatment. 318 

 Number of bed bugs per replicate for each treatment. 319 

 Length of time for bed bug exposure period to each treatment. 320 

 321 

f. Data/Results reporting. Report the following information: 322 

i. Protocol with amendments and study deviations from the protocol. A 323 

copy of the study protocol should be included with amendments and 324 

deviations. Amendments and deviations should be justified, and described 325 

together with their impact on the validity of the study. 326 

ii. Data and endpoints. Knockdown, morbidity and mortality values should 327 

be corrected for negative control knockdown, morbidity and/or mortality 328 

with Abbott’s Formula or the equivalent. Endpoints should be reported as 329 

observed throughout the test, though total and percent knockdown, 330 

morbidity and mortality should be reported at the final evaluation. 331 

iii. Amount of product applied. The product rate should be reported using 332 

metric system measurements, as mg or ml of test chemical/cm2 for surface 333 

area treatments or volumetrically as ml of test chemical/m3 for space spray, 334 

total release aerosols, and fumigant treatments for each replicate. The 335 

amount of active ingredient tested per unit area or volume should also be 336 

given. 337 

iv. Report the following other data: 338 

 Test results on all aspects of the research. 339 

 Copies of all raw data. 340 

 Certification of the test chemical’s identity and origin. 341 

 Description of each product treatment and the negative controls. 342 
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 Note: when (national) guidelines are used, those should be referred to 343 

in the report. 344 

v. Data analysis. The report should include the statistical analysis plan. Refer 345 

to Section 3.1.l for recommendations on data analyses. 346 

vi. Study Conclusions. The report should include a discussion of the study 347 

results and conclusions based on treatment endpoints. Conclusions should 348 

state why and how the study results do or do not support the tested 349 

hypothesis. 350 

vii. Storage and Retention of Records and Materials. The record-keeping 351 

provisions of OECD Principles of Good Laboratory Practice and 352 

Compliance Monitoring (GLP) (ENV/MC/CHEM(98)17) apply to records 353 

of any study conducted under the Good Laboratory Practices rule, in 354 

compliance with any applicable state laws or regulations. 355 

https://one.oecd.org/document/ENV/MC/CHEM(98)17/en/pdf
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4. Specific Guidance 356 

4.1. Specific guidance for laboratory studies for resistance ratio determination and 357 

characterization of bed bug strain susceptibility.  358 

Response ratio determination, commonly known as a “Resistance Ratio,” is useful in 359 

characterising the magnitude of susceptibility or resistance to insecticides used in bed bug 360 

control. Different bioassays are suitable for resistance ratio determination of bed bug strain 361 

susceptibility (e.g. 39). This guidance describes the filter contact bioassays designed to 362 

determine the resistance ratio (37, 46). 363 

4.1.1. Study objective.  364 

To estimate the susceptibility and magnitude of resistance of bed bug strains to insecticides 365 

used in product testing. 366 

4.1.2. Materials and methods 367 

Filter contact bioassay in petri dishes 368 

a) Experimental units. Place a piece of white filter paper on the bottom of a 6 or 10 369 

cm glass petri dish and secure a screen over the top of the petri dish. An insecticide 370 

concentration should be applied to filter paper in each replicate at a volume that 371 

saturates the paper, generally at least 200 µl. Allow paper to dry before exposing 372 

the bed bugs. Prepare an equal number of negative control dishes with paper treated 373 

with the diluent only. 374 

b) Number of treatments. Five concentrations of the active ingredient should be 375 

prepared with the appropriate diluent. Active ingredient concentrations should be 376 

prepared based on a logarithmic scale, i.e. 0.0001%, 0.001%, 0.01%, 0.1%, and 377 

1.0%. Other concentrations may be used based on previous knowledge of bed bug 378 

susceptibility to the insecticide being tested but a justification should be provided 379 

(3, 7, 8, 17, 19, 31, 36, 43, 51, 53). If a product contains a synergist, use only the 380 

insecticide component with a solution concentration based on the active ingredient, 381 

not the synergist (33). 382 

c) Number of replicates. Ten replicates per concentration with ten bed bugs each are 383 

recommended. It is recommended to test male bed bugs only, because results on 384 

females with sublethal concentrations are often more variable due to traumatic 385 

insemination. 386 

Filter contact bioassay in 24-well cell culture plates.  387 

Since bed bugs show strong aggregation behaviour, it is often practical to place test 388 

individuals in separate chambers. 389 

a) Experimental units. Place pieces (ø 1.6 cm) of white filter paper on the bottom of 390 

24-well cell culture plates. An insecticide concentration should be applied to filter 391 

papers in each replicate at a volume that saturates the paper, generally at least 50 392 

µl. Allow paper to dry completely (preferably in a laboratory fume hood) before 393 

exposing the bed bugs. 394 
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b) Number of treatments. Five concentrations of the active ingredient should be 395 

prepared with the appropriate diluent. Active ingredient concentrations should be 396 

prepared based on a logarithmic scale, i.e. 0.0001%, 0.001%, 0.01%, 0.1%, and 397 

1.0%. Other concentrations may be used based on previous knowledge of bed bug 398 

susceptibility to the insecticide being tested but a justification should be provided 399 

(3, 7, 8, 17, 19, 31, 36, 43, 51, 53). If a product contains a synergist, use only the 400 

insecticide component with a solution concentration based on the active ingredient, 401 

not the synergist (33). 402 

c) Number of replicates. Five replicates of separate 24-well plates per concentration 403 

should be conducted. On each of the five separate plates it is recommended to place  404 

18 individual bed bugs on treated filter papers and 6 bed bugs as negative controls 405 

(number of bed bugs tested per concentration: n=90 treated bed bugs and n=30 as 406 

negative controls, number of bed bugs tested in total: n=450 treated bed bugs and 407 

n=150 as negative controls. It is recommended to test male bed bugs only, because 408 

results on females with sublethal concentrations are often more variable due to 409 

traumatic insemination.  410 

The following specifications find application with all bioassays. 411 

a) Bed bug exposure to treatments. Bed bugs should be exposed to the treated filter 412 

paper in each treatment for 24 hours.  413 

b) Negative control. The negative control should be treated with the diluent for 414 

insecticide solution preparation. 415 

c) Positive control. An appropriate positive control, if available, should be used.  416 

d) Lethal dose (LD) or effective concentration (EC) values. An analysis using 417 

GLMs is recommended to determine the LD or EC values for each bed bug strain 418 

tested. Use of a logit or probit analysis should be justified (45). 419 

e) Resistance ratios (RR). Resistance ratios should be calculated and reported as 420 

follows: 421 

LD or EC (lab or field strain)/LD or EC (susceptible strain) = RR 422 

For example: LD50 (lab or field strain)/LD50 (susceptible strain) = RR50  423 

LD90 (lab or field strain)/LD90 (susceptible strain) = RR90 424 

4.1.3. Reporting results. 425 

Refer to Section 3.2.f. of this guidance for guidance in reporting results and the data 426 

analysis. Report the resistance ratio values for each strain for each insecticide tested and 427 

the associated data analysis (30). 428 

4.1.4. Efficacy evaluation.  429 

Immediately after the 24 h exposure period efficacy evaluation should be performed. If 430 

further observations are necessary, transfer bed bugs to clean, untreated petri dishes or 24-431 

well cell culture plates and evaluation observations should be reported as described under 432 

Section 3.1.e. A resistance ratio equal to or greater than 100 is characteristic of a resistant 433 

strain. It has to be acknowledged, that practical bed bug control may fail even in bed bug 434 

populations with a resistance ratio < 100. 435 
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4.1.5. Study conclusions.  436 

Summarise and discuss the study outcome. 437 

 438 

4.2. Specific guidance for laboratory studies for forced exposure (no-choice) 439 

residual surface treatments.  440 

Different bioassays are suitable for determination of the residual product performance with 441 

a forced exposure (no-choice) test design (e.g. 18). 442 

4.2.1. Study objective.  443 

To determine the residual product performance of an application made to different sorptive 444 

and non-sorptive surfaces in a forced exposure (no-choice) test (18). 445 

4.2.2. Materials and methods 446 

a) Experimental units. The surfaces to be treated with the product should have 447 

sorptive and non- sorptive properties that are representative of where bed bugs are 448 

found. For example: unpainted/unfinished plywood; wallpaper, 100% cotton 449 

sheeting stretched over a cardboard panel, commercial linoleum tile; laminate or 450 

tiles. Surfaces should be pre-cut to 10 x 10 cm or larger panels (18). Cotton sheet 451 

replicates should be affixed to the top of the panel to provide a flat, rigid surface 452 

for treatment. An application should be made to each surface. An equal number of 453 

negative control replicates should be established with the same surfaces. Petri 454 

dishes can be used as container for the surfaces. A glass ring on the surfaces can 455 

prevent bed bugs from escaping. 456 

b) Application of product dilutions. The claimed application rate for bed bug 457 

control should be applied on each panel. A metered bench top sprayer is preferred 458 

as the delivery device to ensure consistent application volume and even distribution 459 

of spray particles. Generally, panels are sprayed from a distance of 30 cm above 460 

the panel surface. Use of other heights should be justified. Panels should be stored 461 

and exposed to ambient conditions at the test site to age residues. Panels should be 462 

fully dried before exposing bed bugs. Measure the volume of spray applied and 463 

calculate the weight of the active ingredient(s) delivered. The quantity of product 464 

per square meter should be determined. 465 

c) Ready-to-use product application. Application to panel surfaces should be made 466 

at the rate equivalent to the amount of product to be sprayed per unit area as 467 

directed by the label. Generally, panels are sprayed from a distance of 30 cm above 468 

the panel surface. Use of other heights should be justified. In product performance 469 

testing, the amount of product delivered by a ready-to-use spray product (aerosol 470 

or pump-spray) is described as the amount of product sprayed per second or as 471 

number of pumps per unit area and should be determined before treatments can be 472 

made. To determine the quantity sprayed per second, spray five panels of each 473 

surface type for three seconds each for each treatment. The product container 474 

should be weighed before and after each spray and the difference recorded. The 475 

mean value of the five replicates should be determined and that result divided by 476 

three to determine the average amount of product applied per second of spraying. 477 

The same procedure should be conducted to evaluate dust product formulations 478 

except that application should be made from a height of 15 cm or as directed by 479 
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the product label. Other modifications to the protocol needed to apply dusts should 480 

be described and justified. 481 

d) Replication. A replicate should consist of a treated or untreated panel, each with 482 

10 to 12 bed bugs per each life stage confined to the panel. A minimum of 5 483 

replicates should be used for each product treatment and negative control. For each 484 

bed bug strain tested at each exposure time, prepare 15 treated (3 surfaces x 5 485 

replicates per surface) and 15 untreated panels. Three hundred to 360 bed bugs are 486 

necessary for each exposure time tested per strain (including the negative control 487 

specimens).  488 

e) Bed bug exposure to product treatments. Bed bugs should be exposed to treated 489 

panels for no more than 4 hours or in accordance with the claim. After the exposure 490 

period, transfer the bed bugs to a clean, untreated container for further observation 491 

and evaluation. After an initial test 24 hours post application, the insecticide 492 

residues should be tested regularly until the end of residual period claimed. Treated 493 

panels should be retested though bed bugs should not be reused. 494 

f) Positive control. A positive control is not necessary. 495 

4.2.3. Reporting results.  496 

Refer to Section 3.2.f. of this guidance for guidance on reporting results and data analysis. 497 

4.2.4. Efficacy evaluation.  498 

Efficacy is usually considered sufficient if – at the end of the test, in each life stage tested, 499 

– 100% mortality rate, is achieved. 500 

4.2.5. Study conclusions.  501 

Summarize and discuss study outcomes for residual control of bed bugs. 502 

 503 

4.3. Specific guidance for laboratory studies to determine the product performance 504 

of insecticide products under practical use situation.  505 

Different bioassays are suitable for determination of the residual product performance with 506 

a simulated-use test design. This guidance describes the efficacy evaluation of residual 507 

surface treatments in a test system designed to mimic a practical use situation (46).  508 

4.3.1. Study objective.  509 

To determine the residual product performance of an application made to different sorptive 510 

and non-sorptive surfaces in a simulated-use test. 511 

4.3.2. Materials and methods 512 

a) Experimental units. The test arena should consist of three closed chambers joined 513 

with round or rectangular connectors. In the first chamber, a sealed harborage 514 

should be provided (harborage chamber). The design of the harborage should 515 

enable the bed bugs to leave easily, e.g. a pocket made of towel paper and tape 516 

opened with scissors. After a minimum of 1 h of acclimatisation, the harborage 517 

should be opened. In the chamber connected to the harborage chamber, the treated 518 

surface or textile is placed (insecticide chamber). The insecticide chamber is 519 
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connected to a third chamber containing a carbon dioxide (CO2) source and a heat 520 

source (host chamber). The end of the last connector should protrude 521 

approximately 10 cm into the host chamber. A collecting vessel should be placed 522 

under the open end of the connecting tube. The collecting vessel should contain 523 

filter paper as a harborage. Bed bugs which have crossed the surface then fall into 524 

the vessel, which prevents bed bugs from escaping the test arena. Bed bugs should 525 

be removed 24 h post exposure or according to the claim for determination of 526 

efficacy. Bed bugs that have stayed in the towel paper pocket are excluded from 527 

evaluation. 528 

Distance from the harborage to host chamber should be between 50 cm and 80 cm 529 

and the amount of CO2 should be then adjusted to 0.75 l/min. If deviating distances 530 

are used, the amount of CO2 has to be adjusted. A suction pump reaching in at the 531 

top of the harborage chamber prevents an intoxication of the bed bugs due to CO2. 532 

It should be used a CO2 flow rate that guarantees a minimum of 80% bed bugs 533 

leaving the harborage. Inside the host chamber, temperature should be adjusted to 534 

37°C ± 2°C. Connectors between the three chambers should be about 15 cm to 20 535 

cm. Connectors should be lined with material (e.g. masking tape or paper) which 536 

is not slippery for bed bugs. Inner walls of the collection vessel should be treated 537 

with a substance which prevents bed bugs from escaping. The surfaces to be treated 538 

with the product should have sorptive and non-sorptive properties: 539 

unpainted/unfinished plywood; wallpaper, 100% cotton sheeting stretched over a 540 

cardboard panel, commercial linoleum tile; laminate or tiles. Surfaces should be 541 

pre-cut to 10 x 10 cm or larger panels (18). Cotton sheet replicates should be 542 

affixed to the top of the panel to provide a flat, rigid surface for treatment. An 543 

application should be made to each surface. An equal number of negative control 544 

replicates should be established with the same surfaces. 545 

b) Application of product dilutions. The claimed application rate for bed bug 546 

control should be applied on each panel. A metered bench top sprayer is preferred 547 

as the delivery device to ensure consistent application volume and even distribution 548 

of spray particles. Generally, panels are sprayed from a distance of 30 cm above 549 

the panel surface. Use of other heights should be justified. Panels should be stored 550 

and exposed to ambient conditions at the test site to age residues. Panels should be 551 

fully dried before exposing bed bugs. Measure the volume of spray applied and 552 

calculate the weight of the active ingredient(s) delivered. 553 

c) Ready-to-use product application. Application to panel surfaces should be made 554 

at rates equivalent to the amount of product to be sprayed per unit area as directed 555 

by the label. Generally, panels are sprayed from a distance of 30 cm above the 556 

panel surface. Use of other heights should be justified. In product performance 557 

testing, the amount of product delivered by a ready-to-use spray product (aerosol 558 

or pump-spray) is described as the amount of product sprayed per second or per 559 

number of pumps per unit area and should be determined before treatments can be 560 

made. To determine the quantity sprayed per second, spray five panels of each 561 

surface type for three seconds each for each treatment. The product container 562 

should be weighed before and after each spray and the difference recorded. The 563 

mean value of the five replicates should be determined and that result divided by 564 

three to determine the average amount of product applied per second of spraying. 565 

The same procedure should be conducted to evaluate dust product formulations 566 

except that application should be made from a height of 15 cm or as directed by 567 

the product label. Other modifications to the protocol needed to apply dusts should 568 

be described and justified. 569 
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d) Replication. Tests should be conducted with 50 to 100 bed bugs (equal sex ratio 570 

and per each life stage) in minimum five treated and negative control replicates per 571 

surface type.  572 

e) Positive control. A positive control is not necessary. 573 

f) Additional testing conditions. Within the exposure period, darkness or red light 574 

is obligatory. 575 

4.3.3. Reporting results.  576 

Refer to Section 3.2.f. of this guidance for guidance on reporting results and data analysis.  577 

4.3.4. Efficacy evaluation.  578 

Efficacy is usually considered sufficient if – in each life stage tested – 100% mortality rate 579 

after 24 h exposure and until the end of residual period claimed, corrected according to 580 

Abbott is achieved. 581 

4.3.5. Study conclusions.  582 

Summarize and discuss study outcomes for residual control of bed bugs. 583 

 584 

4.4. Specific guidance for laboratory studies to determine the product performance 585 

of a repellent or attractant product.  586 

Different bioassays are suitable to determine the efficacy of a repellent or an attractant (11, 587 

24, 38, 41, 49, 50). The following guidance describes approaches that may be used to assess 588 

whether a product is a repellent or attractant. 589 

4.4.1. Study objective.  590 

To determine if a biocide product repels or attracts bed bugs. 591 

4.4.2. Materials and methods  592 

Repellents. 593 

Simulated-use tests for volatile repellents and impregnated fabric. 594 

a) The test arena described by (46) should consist of three closed chambers joined 595 

with round or rectangular connectors. In the first chamber, a sealed harborage 596 

should be provided (harborage chamber). The design of the harborage should 597 

enable the bed bugs to leave easily e.g. a pocket made of towel paper and tape 598 

opened with scissors. After a minimum of 1 h of acclimatisation the harborage 599 

should be opened. In the chamber connected to the harborage chamber, the treated 600 

surface or textile is placed (treated chamber). The treated chamber is connected to 601 

a third chamber containing a CO2 source and a heat source (host chamber). The 602 

end of the last connector should protrude approximately 10 cm into the host 603 

chamber. A collecting vessel should be placed under the open end of the connecting 604 

tube. The collecting vessel should contain filter paper as a harborage. Bed bugs 605 

which might have crossed the surface then fall into the vessel, which prevents bed 606 

bugs from escaping the test arena. Bed bugs should be removed 8 h post exposure 607 

or according to the claim for determination of efficacy. Bed bugs that have stayed 608 
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in the towel paper pocket are excluded from evaluation. Bed bugs that have stayed 609 

in the first chamber outside the towel paper pocket are considered as “repelled”, 610 

while specimen that are found on the treated surface or have fallen into the vessel 611 

are considered as “not repelled”. Non-insecticidal efficacy should be demonstrated 612 

with bed bugs that have been in contact with the freshly applied product. Mortality 613 

of the insects should be monitored at the end of the test until 8 days post exposure. 614 

Distance from the harborage to host chamber should be between 50 cm and 80 cm 615 

and the amount of CO2 should be then adjusted to 0.75 l/min. If deviating distances 616 

are used, the amount of CO2 has to be adjusted. A suction pump reaching in at the 617 

top of the harborage chamber prevents an intoxication of the bed bugs due to CO2. 618 

It should be used a CO2 flow rate that guarantees a minimum of 80% bed bugs 619 

leaving the harbourage. Inside the host chamber, temperature should be adjusted 620 

to 37°C ± 2°C. Connectors between the three chambers should be about 15 cm to 621 

20 cm. Size of the treated surface should be no larger than 20 cm. Connectors 622 

should be lined with material (e.g. masking tape or paper) which is not slippery for 623 

bed bugs. Inner walls of the collection vessel should be treated with a substance 624 

which prevents bed bugs from escaping. 625 

b) The test arena described by (47) consists of a plastic tray (80 by 75 by 5 cm) and a 626 

small bed or imitations with four legs (e.g. a stool or small table) placed in the 627 

center. Onto the simulated bed, a CO2 and additionally a heat source should be 628 

placed to mimic a human host. Under each leg a bed bug interceptor (i.e. a double-629 

walled bed bug trap, where the insects are being trapped between both walls, which 630 

form a ring around the bed leg) should be placed as collection vessel. The repellent 631 

product should be applied on the outer wall of the interceptor according to the label 632 

claim. If the test surface should be larger, the interceptors should be placed onto 633 

the treated surfaces. A minimum of 100 ml/min of CO2 should be released on the 634 

top of the bed. A harborage should be placed in the center of the plastic tray right 635 

under the bed. For acclimatisation, the harborage has to be closed. After a 636 

minimum of 1 h of acclimatisation, the harborage should be opened. The design of 637 

the harborage should enable the bed bugs to leave easily, e. g. a pocket made of 638 

towel paper and tape opened with scissors. Test arena should be lined with material 639 

(e.g. paper and masking tape) which enables normal bed bug movements. Inner 640 

walls of the tray should be treated with a substance which prevents bed bugs from 641 

escaping. 642 

c) Replication. Tests should be conducted with 50 to 100 bed bugs (equal sex ratio) 643 

in minimum five treated and negative control replicates. The exposure period 644 

should be according to the label claim, but at least 8 h (to cover the natural bed bug 645 

activity time over night). 646 

d) Positive control. A positive control is not necessary. 647 

e) Additional testing conditions. Testing under darkness or red light is obligatory. 648 

Laboratory choice tests for volatile repellents. 649 

a) A petri dish assay with a treated and untreated filter paper similar to the test setup 650 

of (47) may be considered. 651 

b) Also a version of the still-air olfactometer (10) as modified by (48) may be 652 

considered. The still-air model should be adapted to provide a source such as CO2 653 

and heat to mimic a human host in the presence and absence of repellent as 654 

alternative choices in the same arena. The negative control should consist of the 655 



       19 

LABORATORY PRODUCT PERFORMANCE TESTING METHODS FOR BED BUG BIOCIDE PRODUCTS 

      

same arrangement in a separate arena provided with only CO2 and heat and with 656 

no repellent.  657 

c) A Y-tube assay (15) may also be considered. 658 

d) Replication. Ten bed bugs per replicate for a total of five replicates per trial and 659 

negative control or 50 replications of one bed bug each per trial and negative 660 

control should be used. Justify the choice of individuals or groups of ten.  661 

e) Positive control. A positive control is not necessary.  662 

f) Additional testing conditions. Testing under red light is recommended. 663 

Laboratory choice tests for impregnated fabric. 664 

Untreated and impregnated fabric should be tested together. Bed bugs should be placed 665 

onto the untreated fabric, and their movement both towards or away from the treated fabric 666 

should be observed and measured. A negative control arena with untreated fabric only 667 

should also be included in the study (e.g. 11, 16, 23). 668 

Attractants.  669 

Choice tests are recommended for testing the product performance of attractant products 670 

(48, 49). Depending on its use pattern (whether the product is intended to attract bed bugs 671 

towards a harborage or “pull” them away from human hosts), the product performance of 672 

an attractant product may be determined by comparing its effect on bed bugs to that of bed 673 

bug aggregation cues or host cues such as CO2 and heat. Therefore, in this experiment either 674 

host cues such as CO2 and heat or bed bug aggregation cues deposited in a harborage should 675 

be presented as an alternative to the attractant formulation in the same arena. Observations 676 

of bed bug location should be recorded at the end of the exposure period. The exposure 677 

period should be according to the label claim, but at least 8 hours.  678 

a) Replication. Ten bed bugs per replicate for a total of five replicates per trial and 679 

negative control or 50 replications of one bed bug each per trial and negative 680 

control should be used. Justify the choice of individuals or groups of ten. 681 

b) Positive control. A positive control is not necessary.  682 

c) Additional testing condition. Testing in the dark under red light is recommended 683 

(49). 684 

4.4.3. Reporting results.  685 

Refer to Section 3.2.f. of this guidance for guidance on reporting results and data analysis. 686 

Analysing data from replicates with one bed bug or replicates with ten bed bugs is likely to 687 

differ and should be justified. 688 

a) Percent repellency. For repellent testing, report the number of bed bugs that 689 

avoided the host mimic and the ones that did not. Calculate percent repellency 690 

corrected for negative control results. The exposure period should be according to 691 

the label claim, but at least 8 h. 692 

b) Percent attractancy. For attractant testing, report the number of bed bugs that 693 

were attracted to the attractant and the number that were not. Calculate the 694 

percentage of bed bugs found at each location at 15 minutes post exposure and 695 

until the end of the claimed period in treated choice and negative control arenas. 696 

c) Mortality, morbidity and knockdown. Non-insecticidal efficacy should be 697 

demonstrated with bed bugs that have been in contact with the freshly applied 698 
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product. Mortality of the insects should be monitored at the end of the test until 8 699 

days post exposure. All raw data should be reported.       700 

4.4.4. Efficacy evaluation. 701 

a) Repellents. For the claim “prevents bed bug bites” or “prevents the spreading of 702 

bed bugs” 100 % repellency are required in each life stage tested. 703 

The exposure period should be according to the label claim, but at least 8 h (to 704 

cover the natural bed bug activity time over night).  705 

b) Attractants. The efficacy of an attractant is usually considered sufficient when at 706 

least 80% of the test individuals were attracted compared to the negative control 707 

within the test period or according to the claim, from the beginning and until the 708 

end of the claimed efficacy period.  709 

The percentage of bed bugs found at each location at 15 minutes post exposure and 710 

until the end of the claimed period has to be reported in treated choice and negative 711 

control arenas.  712 

4.4.5. Study conclusions.  713 

Describe the product performance of the product treatment. Include a discussion on 714 

negative control results, and the adequacy of the host or aggregation cues used in the study. 715 

 716 

4.5. Specific guidance for laboratory studies for testing indoor insecticide total 717 

release aerosols, space sprays, and insecticide vapour strip products.  718 

This guidance applies to testing total release aerosols and space sprays including misters, 719 

hand-held aerosol products and vaporizing strips on surfaces used for indoor applications 720 

to control bed bugs. Different bioassays are suitable to determine the efficacy these 721 

treatments. 722 

4.5.1. Study objective.  723 

To determine the performance of insecticide products intended for total release aerosols, 724 

space sprays, and vapour strip treatments against bed bugs. 725 

4.5.2. Materials and methods 726 

a) Experimental unit. Testing should be conducted in a Peet-Grady chamber with a 727 

volume of 6.12 cubic meters (1.83 x 1.83 x 1.83 m) or greater (52). The chamber 728 

should have a window for observation. The wall, ceiling, and floor of the 729 

room/chamber may be lined with plastic or other suitable materials to facilitate 730 

cleaning. Test doses for aerosols and mister products should be delivered by an 731 

automatic dispenser calibrated for the proper droplet size and application rate. At 732 

the end of each replicate, the air in the chamber should be exhausted and any 733 

surface residues washed off. Surfaces should be clean and dry before the next test. 734 

Alternative product application methods may be considered, but should be 735 

described and justified. Vaporizing strips should be hung from the ceiling in the 736 

center of the room/chamber or applied according to label directions. 737 

b) Replication. Tests should be conducted with in minimum five treated and five 738 

negative control replicates per each exposure period. One half of the replicates will 739 
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be in the chamber treated with the insecticide product while the other half will be 740 

the negative control. 741 

c) Cage Placement. For each exposure period, twelve cages from each strain should 742 

be used. Appropriate shelters, such as stacked egg cartons should be added to each 743 

cage to serve as a harborage. Allot six cages to the product treatment and place in 744 

the chamber, while the other six should be kept outside the chamber as a negative 745 

control for each exposure period. Ten bed bugs (equal sex ratio) should be 746 

transferred to each cage. In the chamber use balanced replicates representing three 747 

heights (two at floor level, two at mid wall and two at ceiling level). 748 

d) Bed bug exposure to the treatments. The chamber should be sealed and the 749 

product application made. After the application is made, the test cages should be 750 

left in place for two hours or according to the claim and removed after the 751 

insecticide has been evacuated from the chamber. Knockdown, morbidity and 752 

mortality should be recorded at two hours after application or according to the 753 

claim. Bed bugs from each cage should be transferred to a clean, untreated 754 

container after the assessments are made, but no later than 4 hours post treatment 755 

or in accordance with the claim. Vaporizing strips should be assessed in a similar 756 

manner following 24 hours of exposure. 757 

e) Negative control. Negative control replicates should be placed in the lab under the 758 

same abiotic conditions as the treatments. Negative control replicates should be 759 

untreated because treating with diluent is impractical. 760 

f) Positive control. A positive control is not necessary. 761 

4.5.3. Reporting results.  762 

Refer to Section 3.2.f of this guidance for guidance on reporting results and data analysis. 763 

In addition, the following information should be reported. 764 

a) Data and endpoints. Mortality data from the treated group should be corrected for 765 

negative control mortality with Abbott’s Formula or the equivalent. 766 

b) Mortality, morbidity and knockdown. Report the number and percentage of bed 767 

bugs killed, moribund and knockdown exclusively for each treatment replicate at 768 

each observation interval. Report mean mortality data for each strain in each 769 

treatment at each height level and all heights combined as corrected arithmetic 770 

mean values. Confidence limits around the mean values should be reported. 771 

c) Data analysis. The analysis should consider the effect of the treatment cage height 772 

and bed bug strain effects on product performance. 773 

4.5.4. Efficacy evaluation.  774 

Efficacy is usually considered sufficient if – at the end of the test, in each life stage tested 775 

– 100% mortality rate, corrected according to Abbott is achieved. 776 

4.5.5. Study conclusions.  777 

Discuss the mortality (total and percent) for each replicate and treatment. 778 

 779 
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4.6. Specific guidance for laboratory studies for direct application testing of 780 

insecticide products.  781 

Different bioassays are suitable for determination of a direct effect against bed bugs. 782 

4.6.1. Study objective.  783 

To determine the product performance of direct application of insecticide product 784 

formulations against bed bugs. 785 

4.6.2. Materials and methods 786 

a) Experimental unit. Testing should be conducted with caged bed bugs. Typically, 787 

a test cage unit is a 0.4 l squat plastic cup with a screened bottom that has the inside 788 

lined with a lubricant to prevent bed bug escape. Other cage designs are acceptable 789 

provided the spray does not pool in the cage after spraying. A metered bench top 790 

sprayer is preferred as the delivery device to ensure consistent application volume 791 

and even distribution of spray particles. Applications should be made at the 792 

claimed label rate and should be made from 30 cm above the test cage.  793 

b) Replication. Tests should be conducted with in minimum five treated and five 794 

negative control replicates each with 10 bed bugs. 795 

c) Bed bug exposure to the treatments. Bed bugs should be transferred to clean 796 

containers (e.g. petri dishes) in less than 4 hours or in accordance with the claim 797 

after product application. Containers should be stored under ambient test site 798 

conditions.  799 

d) Positive control. A positive control is not necessary. 800 

4.6.3. Reporting results.  801 

See Section 3.2.f. of this guidance for guidance on results reporting and data analysis. 802 

4.6.4. Efficacy evaluation.  803 

Efficacy is usually considered sufficient if – at the end of the test, in each life stage tested, 804 

– 100% mortality rate, is achieved. 805 

4.6.5. Study conclusions.  806 

Discuss knockdown, morbidity and mortality (total and percent) of the product treatment. 807 

 808 

4.7. Specific guidance for laboratory studies for testing ovicidal products.  809 

Different bioassays are suitable for determination of an ovicidal effect against bed bug 810 

eggs. 811 

4.7.1. Study objectives.  812 

To determine the product performance of insecticide products intended for use as ovicides. 813 
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4.7.2. Materials and methods  814 

Treatments. 815 

I. Direct application. Testing should be conducted with bed bug eggs laid on 816 

filter paper the night before the test. Therefore, gravid female bed bugs of the 817 

same age should be separated from the colony, allowing them to lay eggs in a 818 

separate chamber on a filter paper surface. For females, the same feeding 819 

conditions/blood source like in the rearing should be used. Tissue culture plates 820 

or small petri dishes are recommended as test containers. Pieces of egg-laden 821 

filter paper should be cut into pieces that fit into the depressions on the plate 822 

or in a petri dish. Twenty eggs should be allotted to each depression or well. A 823 

metered bench top sprayer is preferred as the spray device to ensure consistent 824 

application volume and even distribution of spray particles. Applications 825 

should be made at the claimed label rate and should be made from 30 cm above 826 

the test surface (or as directed on the label). For a dust formulation, application 827 

should be made at the claimed label rate from a height of 15 cm or less (or as 828 

directed on the label). Record the weight of formulation applied and the weight 829 

of active ingredient delivered. An equal number of negative control eggs 830 

should be included in the study design on the same type of plates. 831 

II. Contact with residual surface application. Gravid female bed bugs of the 832 

same age should be separated from the colony, allowing them to lay eggs in a 833 

separate chamber on a filter paper surface. For females the same feeding 834 

conditions/blood source like in the rearing should be used and the eggs used 835 

should be collected every day to ensure they are the same age. A petri dish is 836 

recommended as the test container. The surfaces to be treated with the product 837 

should have sorptive and non- sorptive properties and should be representative 838 

of where bed bugs are found. For example: unpainted/unfinished plywood; 839 

wallpaper, 100% cotton sheeting stretched over a cardboard panel, commercial 840 

linoleum tile; laminate or tiles. Surfaces should be treated with the product 841 

formulation at the claimed label rate and the residues should be aged for the 842 

desired time. Another piece of the respective surface should be left untreated 843 

to serve as the negative control. One piece should be placed into each dish. 844 

Collect eggs from the filter paper in the gravid female chamber carefully 845 

without damaging the eggshell and transfer 20 eggs to each treated and 846 

untreated surface in the petri dishes.  847 

a) Replication. A minimum of ten treated and ten untreated replicates each with 20 848 

eggs should be tested. 849 

b) Exposure time. Plates or dishes should be stored in the laboratory. Eggs should be 850 

exposed continuously for 14-30 days or according to the claim. Observations for 851 

mortality and hatching should be made every 24 hours for up to 30 days. Eggs 852 

should be examined microscopically to determine if egg hatch has taken place, and 853 

the number of unhatched and hatched eggs should be recorded from the treated and 854 

negative control groups.  855 

c) Positive control. A positive control is not necessary. 856 

4.7.3. Reporting results.  857 

See Section 3.2.f. of this guidance for guidance on results reporting and data analysis. 858 



24        

LABORATORY PRODUCT PERFORMANCE TESTING METHODS FOR BED BUG BIOCIDE PRODUCTS 

 

4.7.4. Data and endpoints.  859 

Mortality data from the treated group should be corrected for negative control mortality 860 

with Abbott’s Formula or the equivalent. 861 

Egg mortality.  862 

Report observations every 24 hours for a minimum of 14 but no more than 30 days post-863 

exposure. The percentage of unhatched and hatched eggs for each treatment at each 864 

observation interval should be reported.  865 

4.7.5. Efficacy evaluation.  866 

Efficacy is usually considered sufficient if – at the end of the test – 100% mortality rate, is 867 

achieved. 868 

4.7.6. Study conclusions.  869 

Discuss ovicidal performance of the product formulation treatment. 870 

 871 

4.8. Specific guidance for laboratory studies for fumigant products against all bed 872 

bug life stages.  873 

Different bioassays are suitable for determination of an effect by fumigant products against 874 

all bed bug life stages (e.g. 6). 875 

4.8.1. Study objective.  876 

To determine the product performance of a fumigant in the laboratory against all bed bug 877 

life stages. 878 

4.8.2. Materials and Methods 879 

a) Experimental unit (34). Five, 3.8 liter sealed glass containers with tubing capable 880 

of delivering and evacuating fumigant in a closed system should be used as the 881 

fumigation chambers. Bed bugs should be placed in a separate ventilated glass vial 882 

that should be wrapped in mattress padding and placed in the chamber before 883 

fumigation. 884 

b) Product treatment. Treatment should be at the claimed rate directed by the 885 

product label. This rate should be monitored by chemical detection to ensure the 886 

target dose was achieved. 887 

c) Bed bug life stage. This test may be used to evaluate product performance against 888 

all bed bug life stages. 889 

d) Replication. Five treated and five negative control replicates of 10 bed bugs each 890 

from the same life stage of the same strain should be tested, with the exception of 891 

eggs where 20 eggs should be included per each of the ten treated and ten untreated 892 

replicates. 893 

e) Exposure time. Bed bugs should be exposed for 24 hours or according to the label 894 

claim. After fumigation, transfer the bed bugs to clean containers. For experiments 895 

with eggs and nymphs, observe for egg hatch and survival of nymphs for 14-30 896 

days. 897 
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f) Environmental conditions. Replication and treatment should be repeated at 15°C 898 

(59° F) and 25°C (77° F). 899 

g) Negative control. Bed bugs in the control group should be placed in a separate 900 

ventilated glass vial and should be wrapped in mattress padding but placed in an 901 

untreated fumigation chamber for the same period of time as the treatment group. 902 

h) Positive control. A positive control is not necessary. 903 

4.8.3. Reporting results.  904 

Refer to Section 3.2.f. of this guidance for guidance on reporting results and data analysis. 905 

In addition, report the following information. 906 

a) Amount of product applied. The amount of product, expressed as weight of 907 

product per unit volume, should be reported for each replicate. 908 

b) Mortality. Mortality should be reported as number of dead bed bugs and percent 909 

mortality as stated in Section 3.1.e. 910 

c) Egg hatch and survival of emerging nymphs. Report egg hatch (total and 911 

percent) and length of time the emerging nymphs survive. 912 

4.8.4. Efficacy evaluation.  913 

Efficacy is usually considered sufficient if – at the end of the test, in each life stage tested, 914 

– 100 % mortality rate, is achieved.  915 

4.8.5. Study conclusions.  916 

Report the application rates at which product performance was achieved. 917 

 918 

4.9. Specific guidance for laboratory studies of insect growth regulators (IGRs).  919 

Different bioassays are suitable for determination of an effect by IGRs against bed bugs. 920 

This guidance is based on approaches to evaluate hormonal IGRs and chitin synthesis 921 

inhibitors against bed bugs (4, 32). 922 

4.9.1. Study objective.  923 

To determine the product performance of an insect growth regulator in the laboratory 924 

against bed bugs. 925 

4.9.2. Materials and Methods 926 

a) Life stages. Life stages should be evaluated separately and individuals in the 927 

population should be the same age. These products may be tested against eggs, 928 

nymphs, and adults (potential decreased fecundity and oviposition). If specific 929 

stages are claimed, these will have to be tested. 930 

b) Replication. A minimum of five treated replicates and five untreated replicates 931 

each with a minimum of 10 specimens should be tested for every life stage for 932 

every IGR product tested. 933 

c) Test chemical. Testing should be performed with the whole product formulated 934 

with IGRs in combination with other active ingredients. In addition, testing should 935 
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be performed also with the IGR alone to verify its effect. Testing should not be 936 

performed with tank mixes (mixtures) containing IGRs. 937 

d) Direct spray testing. Testing should be conducted as described in Section 4.6. of 938 

this guidance. Evaluation observations should be reported up to 30 days post-939 

exposure or according to the claim. 940 

e) Confinement to treated surfaces. Testing should be conducted as described in 941 

Section 4.2. of this guidance but evaluated up to 30 days. 942 

f) Blood meal. A blood meal is needed for a bed bug to molt from one instar to the 943 

next and from the final nymph instar to the adult stage. A source of blood should 944 

be available regularly throughout the testing period. 945 

4.9.3. Reporting results.  946 

See Section 3.2.f. of this guidance for guidance on results reporting and data analysis. 947 

Additional data reporting is described below. 948 

a) Report any abnormalities in bed bug development including deformities. 949 

b) Report egg hatch success and development of hatching nymphs. 950 

c) Report survivorship of all life stages. 951 

d) If female bed bugs were tested, track egg production, hatching success of eggs, 952 

developmental success and survivorship of nymphs. 953 

4.9.4. Efficacy evaluation.  954 

Efficacy is usually considered sufficient if, in each life stage tested, 100% of the bed bugs 955 

do not develop to the next instar. In addition, if female bed bugs were tested neither eggs 956 

should be produced nor nymphs should hatch. 957 

4.9.5. Study conclusions.  958 

Discuss results and describe whether or not IGR effects impacted bed bug survivorship and 959 

development. 960 

  961 
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