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 Introduction 
 

Once thought to be consigned to the history books, bedbugs were a pest of a 
bygone era. Even the name “bedbug” would probably have been long forgotten had it 
not been immortalized in the popular bedtime nursery rhyme.  And yet, despite our 
best efforts, at the start of the 21st Century, this tenacious little insect made a 
comeback, reemerging as one of our most detested urban pests. 
 
The bedbug resurgence has been attributed to a range of factors influencing their 
survival, reproduction and spread. For example, their ability to become concealed 
within luggage and personal effects facilitates their dispersal around the world, while 
the lack of bed bug awareness in today’s urban residents allows infestations to 
become well established before being detected (Reinhardt et al., 2008). However one 
of the biggest challenges for bedbug control today is the emergence of insecticide 
resistance to some of the commonly used insecticides (Boase, 2001; Romero et al., 
2007; Davies et al., 2012). As a result treatment failures are now commonplace.  
 

The bedbug resurgence has not only had a profound impact on the housing and 
hospitality sectors, it also has provided a major stimulus to research on this pest. As a 
result, the number of publications has increased dramatically over the last decade. 
This has greatly improved our understanding of this challenging pest, and has 
hopefully provided the pest control industry with at least some of the tools required to 
turn the resurgence into a downturn. 
 
Significance of bedbugs 
 
Medical 

Skin responses to bedbug bites can vary considerably from one person to the 
next. For the most part bites appear as raised, itchy, red areas of inflammation 
between 5 and 10 mm in diameter, although it may take several exposures and up to 
two weeks before the inflammation appears (Reinhardt et al., 2009). 
 

For a fortunate few, there may be no visible bite response even after multiple 
exposures to bedbugs (Reinhardt et al., 2009). However, this can be a mixed blessing 
as infestations can go undetected, allowing them to become more established and 
harder to treat. In a minority of cases sufferers exhibit blistering skin eruptions at the 
bite site and in the most severe cases anaphylaxis-like systemic responses have also 
been reported (Dogget et al., 2012). 
 

The potential for bedbugs to vector human pathogens has been extensively 
investigated, and while some human pathogens can persist in or on the bedbug, there 
is no evidence to suggest that these can be transmitted back to humans (Reinhardt and 
Siva-Jothy, 2007; Doggett and Russell, 2009). As with any open skin lesion, there is 
the potential for bedbug bites to provide a route for environmental pathogens to enter 
the body, resulting in secondary infections such as Methicillin resistant 
Staphylococcus aureus (MRSA) (Lowe and Romney, 2011). 
 



For many sufferers, the psychological impact of a bedbug infestation can be 
much more severe than the physical symptoms. Anxiety, stress, sleep deprivation and 
depression are widely reported, and in many cases these symptoms persist long after 
the infestation has been eliminated. 
 

In a minority of cases an infestation can be the trigger for a psychological 
condition known as delusional parasitosis, where the sufferer believes that they and/or 
their surroundings are covered with parasites, or specifically bedbugs. Sufferers 
become obsessed by minute fragments of debris or marks on or around the bed, 
believing them to be associated with an infestation. In extreme cases sufferers can 
have hallucinations of insects crawling over or burrowing into their skin (Hinkle, 
2000). 
 
Social 

The social impact of a bedbug infestation can be severe.  The false belief that 
bedbugs are only associated with dirty environments generates a stigma, which in 
many cases works in the bedbug’s favour, as people are reluctant to approach 
neighbours or seek help for risk of reprisal. 
 

It is common for people living with a bedbug infestation to become isolated. 
Friends and family refuse to visit for fear of taking bedbugs home and may also be 
reluctant to let the bedbug sufferer visit them for the same reason. This in turn can 
exacerbate the symptoms of anxiety and depression that the sufferer may already be 
feeling (Dogget et al., 2012). 
 

The authors are aware of one scenario where nursing care was withdrawn 
from an elderly and infirm lady who’s home became infested with bedbugs. Care was 
not reinstated until after the bedbugs had been eradicated. Needless to say, this should 
never be allowed to happen. By taking some simple precautions, such as avoiding 
sofas and armchairs and keeping bags and coats off the floor, the risk of accidentally 
taking bedbugs away from an infestation can be minimized. 
 
Economic 

The costs associated with a bedbug infestation can vary considerably 
depending on the location, severity and control options employed. For a domestic 
premise with a minor infestation, the treatment cost could be in the region of one to a 
few hundred pounds. Further costs may result from additional services such as canine 
scent detection and/or monitoring systems to confirm that that the treatment has been 
successful. There may also be costs associated with replacing furniture and 
furnishings that are deemed too heavily infested or difficult to treat to be saved. 
 

The financial impact of a bedbug infestation in a hotel can be considerably higher 
and harder to calculate. Costs can arise from the following: 

• Treatment and monitoring 
• Room closures 
• Replacement of room decor 
• Customer compensation 
• Legal costs if a customer sues 
• Negative publicity 

 



In an age where almost everybody has access to the internet through their phones, 
laptops and other mobile devices, the threat of negative publicity has never been more 
real. Websites such as tripadvior.co.uk and bedbugregistry.com give the disgruntled 
guest the power to blacklist an infested hotel even before the guest leaves the room. 
 
Basic bedbug biology 
 
Life cycle 

Bedbugs have incomplete metamorphosis, meaning that they progress through 
a series of nymphal stages (instars) that broadly resemble the adult (Figure 1). 

 
 

 
 
Figure 1.  The life cycle of the bedbug. A single blood feed is required to progress 
between each of the 5 nymphal instars and from 5th instar to adult. This occurs at 
approximately weekly intervals at normal room temperature.



A single blood feed from a vertebrate host is required to progress from one instar to 
the next. This occurs at approximately weekly intervals under warm conditions with 
unrestricted access to food. However, development time is highly influenced by 
temperature and food availability. At 18°C the life cycle (egg to adult) can take more 
than four months (Johnson, 1942). At temperatures below 13°C development ceases 
entirely (Jones, 1930; Mellanby, 1935). In the host’s absence bedbugs have been 
known to survive for more than a year without food (Bacot, 1914). 
 

Adult bedbugs copulate shortly after reaching maturity and females begin 
laying eggs within about one week. Like development time, egg laying rate is a 
function of temperature and food availability. At a temperature of 23oC, and with 1-2 
feeds per week, a female can be expected to lay 6-12 eggs per week (Johnson, 1941). 
For females to sustain continuous, fertile egg production, they must copulate 
approximately every 5-6 weeks, although natural mating rates are believed to be much 
higher (Stutt and Siva-Jothy, 2001). They must also feed frequently as egg 
productions ceases rapidly in the absence of food (Reinhardt and Siva-Jothy, 2007). 
 
Identification 

Identification of the live stages of bedbug can be made by comparison with 
Figure 1. Adults are broadly similar in size and shape to an apple seed, while nymphs 
vary in size considerably; first instars (the smallest) being approximately the size of a 
grain of brown sugar. 
 

Like all true bugs (Order: Hemiptera), bedbugs possess a proboscis through 
which they feed. This structure functions like a drinking straw and is clearly visible 
protruding downwards from the front of the head. Anther notable feature is the 
absence of wings, which are present in the adults of most other true bugs. 
 

Unfed bedbugs are dorsoventrally flattened but swell during feeding. This also 
corresponds to a change in colour, from chestnut brown to dark red or almost black in 
adults, and from pale yellow-brown to bright red in nymphs, as the colour of the 
blood shows through their thin cuticle. 
 
Bedbugs closely resemble a number of other species from the same family 
(Cimicidae) that are occasionally associated with human hosts. These include several 
species of bat bug, swallow bug, martin bug and also the tropical bedbug.  These 
bedbug relatives are not as ubiquitous as the common bedbug, so local knowledge can 
be helpful in determining which species are likely to be encountered. Usinger (1966) 
has described  the biological keys, and other notes on the identification of the species 
within the Cimicidae. 
 
Behaviour (feeding, harbourage seeking, dispersal) 

Bedbugs are frequently considered to be nocturnal, however they readily adapt 
to the behaviour of their host and will infest anywhere that is regularly occupied for 
prolonged periods. This includes sofas and armchairs, and seats of busses, trains and 
airplanes. 
 

In addition to regular access to a host, bedbugs require a harbourage in which 
to hide between feedings. A typical harbourage consists of a narrow crevice between 
two hard surfaces in close proximity to the feeding site. This is where the bedbugs 



spend the majority of their time and consequently these crevices quickly become 
littered with cast skins, eggs and faecal material (see Figure 2 d). 

 

 
Figure 2.  Signs of a bedbug infestation. a) shows the dorsal and ventral views of a 
cast skin from a 5th instar bedbug. Cast skins from earlier instars are very similar in 
structure but range in size from 1-3 mm. b) shows a collection of bedbug eggs. Viable 
eggs and hatched egg shells can be distinguished by the presence or absence of the 
end cap. c) shows faecal spotting on filter paper. Note the range of tone from off-
white to almost black. d) shows a typical bedbug harbourage with eggs, cast skins, 
faecal material and live bugs all present. All scale bars represent 2 mm. 



Bedbugs prefer to reside together in aggregations of tens or even hundreds of 
individuals, spanning all age classes and both sexes. It is believed that this behaviour 
helps conserve water (Benoit et al., 2007). They emit aggregation pheromones, which 
aid in locating each other and also enable them to relocate harbourages after feeding 
(Siljander et al., 2008). 
 

Hungry bedbugs can initiate foraging behaviour spontaneously, although it is 
more commonly triggered by elevated carbon dioxide from the host (Reinhardt and 
Siva-Jothy, 2007). Foraging bedbugs locate the host by a combination of host cues. 
Carbon dioxide is probably the longest ranging cue that the bedbugs can detect, but 
their ability to follow up a carbon dioxide concentration gradient is unknown. Host 
body heat is an important directional cue for bedbugs within 1.5 m of the host 
(Reinhardt and Siva-Jothy, 2007). Sweat and sebaceous gland secretions are 
important for close range host location just prior to contact (Aboul-Nasr and Erakey, 
1968). 
 

Bedbugs can disperse actively, by walking to a neighbouring room or  
apartment, or passively, when they are carried accidentally on luggage or furniture. 
Active dispersal is probably limited to a few tens of meters, but passive dispersal has 
the potential to transport them anywhere in the world. 
 
Bedbug Detection 
 

The cryptic nature of bedbugs frequently allows infestations to go undetected 
for prolonged periods, particularly if the host does not react to the bites. Infestations 
in buildings with a high turnover of potential hosts, such as hotels, hostels or hospitals 
can also be hard to detect because skin reactions to bites often only become evident 
after the host has moved on (Doggett et al., 2012). If left unchecked, infestations can 
rapidly grow and spread, so early detection is crucial in mitigating both the costs and 
the extent of the disturbance. 
 
Monitors 

Many bedbug monitoring devices have appeared on the market in recent years 
that seek to provide the solution to early detection. Some bedbug monitors exploit the 
bedbug’s harbourage seeking behaviour, often utilising synthetic aggregation 
pheromones. Others exploit the host seeking behaviour, utilising carbon dioxide 
and/or heat and/or synthetic mimics of host kiaromones. Costs vary considerably, but 
with little impartial data on the efficacy of any of these devices it can be difficult to 
choose between them. 
 

Despite the abundance of monitoring devices currently available, there has not 
been wide take-up of the technology in the hospitality industry  so far. Some feel that 
the low probability of encountering a bedbug infestation does not justify the cost of a 
proactive measure such as installing a monitoring system. Furthermore, the time taken 
to check monitors can be prohibitive. Room processing times for hotel cleaning staff 
are frequently limited to a few minutes and checking monitoring devices for bedbugs 
can significantly extend the processing time leading to higher staff overheads. 
Proactive monitoring devices may become more widely adopted if litigation by 
disgruntled guests against infested hotels becomes more commonplace and 
monitoring devices become an accepted demonstration of due diligence by the hotels. 
 



Visual inspection 
Regular visual inspections can play an important role in the early detection of 

bedbugs. It is often not the bedbugs themselves, but the presence of other tell-tale 
signs that first allude to an infestation (see Figure 2). Once familiarized with these 
signs and where to find them, a cursory visual inspection by hotel cleaning staff can 
be carried out with minimal impact on room processing times. This ensures that if an 
infestation does arise it will be detected before it has had time to grow and spread. 
 
Faecal spotting.  

Shortly after feeding and for approximately 2 weeks thereafter (Naylor, 
unpublished data), bedbugs defecate aqueous faecal droplets, ranging in colour from 
cream through to black. On bed sheets these droplets are readily wicked into the 
fibers, resembling a spot of ink. When deposited on un-absorbent surfaces such as 
varnished wood, they dry to form a raised spot usually 1-2 mm in diameter (see 
Figure 2c and 2d). 
 

Similar faecal spots can be produced by flies, spiders and even cockroaches, 
so it is important to take note of the location. Spots high up on the walls, on windows, 
or on the ceiling are less likely to be from bedbugs. Forensic blood detection kits have 
recently shown promise in distinguishing the faecal spots of blood feeding insects 
from those of non-blood feeding insects. At least one kit is now marketed specifically 
for this use. 
 
Cast skins.  

As part of a bedbug’s development through the nymphal stages, the outer layer 
of its body is shed multiple times, allowing it to grow. These ‘cast skins’ can be a 
helpful indicator of an infestation. They are fragile, pale yellow-brown parts , 1-5 mm 
in length. With experience cast skins of bedbugs can be confidently distinguished 
from those of other insects (see Figure 2a and 2d). 
 
Canines 

The use of canines for bedbug detection is a rapidly growing industry. Canines 
have exceptional powers of scent detection and are particularly useful in screening 
large areas or numbers of rooms in situations where time is limited. Studies have 
identified variability in the accuracy of scent detection teams at identifying 
infestations (Wang and Cooper, 2011). It is therefore important to remember that 
bedbug canines are a tool for aiding in the detection of bedbugs. A positive indication 
by a bedbug canine should always be backed up by visual inspection and never taken 
as the sole justification for applying a treatment. 
 

The use of bedbug canines is a specialist skill. Dogs need regular training and 
handlers must understand the subtleties of their own dog’s behaviour, including its 
strengths and weaknesses. If live bedbugs are hidden inside containers during training 
exercises, it is essential that identical, empty containers are also hidden to ensure that 
the dog is targeting the scent of the bedbugs rather than the container they are secreted 
in. 
 
Electronic Noses 

Electronic sniffing devices are also available to assist pest control technicians 
in the hunt for bedbugs. These devices detect a range of gasses and volatile chemicals 
that are associated with bedbugs. Historically electronic sniffing devices have never 



come close to the sensitivity of canines, but this technology is improving all the time. 
The latest devices, based on portable gas chromatography–mass spectrometry (GC-
MS) machines, have shown promise in lab trials, and may  soon be available  in the 
market, albeit at significant cost. 
 

All inspections, whether carried out by humans, dogs or machines should focus on 
the key harbourage sites, but it is to be noted  that bedbugs have the potential to hide 
anywhere in  a room, particularly if they are disturbed; either physically or by the use 
of insecticides. Key sites to focus  include: 
 

• anywhere inside divan (box-frame) beds 
• around the headboard 
• between the two halves of a split bed base 
• between the edge of the mattress and the bed base 
• around the ends of the wooden slats of frame bed 
• any furniture in close proximity to the bed 

 
It is often necessary to remove the fabric from the underside of divan beds and sofas 
to gain sufficient access. 
 
Proactive bedbug management strategies 
 

It is virtually impossible to completely eliminate all risk of bedbugs entering a 
building, but a proactive approach to bedbug management can dramatically reduce the 
likelihood of an infestation establishing and spreading. The first step in any proactive 
strategy should be to create a bedbug unfriendly environment. Removing clutter from 
under and around the bed eliminates potential hiding places, aiding detection as well 
as simplifying treatment in the event of an infestation. Sealants and caulks can also be 
used to eliminate cracks and crevices in and around the bed. Filling around pipes that 
connect adjoining rooms can limit migration routes, restricting the spread of an 
infestation should one arise. 
 

Purpose built encasements can be purchased to put around divan bed bases 
and mattresses. These fitted bags with zip closures are designed to prevent bedbugs 
from entering or exiting. If installed as a proactive measure, they eliminate many of 
the potential hiding places, which in turn simplifies future inspections. If installed 
during an infestation, the encasements can be used to trap the bedbugs inside the bed 
where they will remain until they die. 
 

The bed design can play an important role in reducing susceptibility to bedbug 
infestations. Divan beds have numerous, inaccessible hiding places for bedbugs and 
are notoriously difficult to treat. Wooden frame beds also offer plenty of hiding places 
for bedbugs, but if necessary, they can generally be disassembled to gain access for 
treatment. Metal frame beds are much more difficult for bedbugs to infest, both 
because the smooth legs are difficult to climb and also  metal beds generally have 
fewer suitable harbourages for the bugs to hide in. 
 

A range of products are available to restrict the access of bedbugs onto the 
bed. These include sticky tapes and simple dish-like designs that fit around the legs of 
the bed. Most of these rely on a slippery or sticky surface and consequently require 



some maintenance to assure that they are not rendered ineffective by a buildup of 
dust/debris. 
 

Good housekeeping practices play an important role in any proactive strategy. 
Simple procedures like bagging dirty laundry in the room rather than dumping it in 
the corridors can dramatically reduce the likelihood of spreading an infestation 
throughout the building. Training hotel staff on what to look for means that if signs of 
bedbugs are seen, they are not immediately dismissed. 
 
Bedbug control 
 

A wide variety of measures are used to control bedbugs. In the following 
sections,  these are divided into non-chemical and chemical techniques. In practice, 
several different techniques are likely to be used in combination to control a particular 
infestation.  
 
Non-chemical techniques 
 
Laundry of infested items 

In general, bedbugs tend not live on bed linen or clothing. Nonetheless there 
will be times when bugs become inadvertently entangled within bed sheets, or 
harbour within clothing in drawers or a wardrobe. To avoid the risk of such insects 
spreading or continuing infestations, it is usual to recommend that linen and clothing 
are laundered when bedbug treatments are carried out.  
 

Research has shown that bedbugs and their eggs are able to withstand 
temporary immersion in water, and  to ensure that all stages are killed,  washing at 
60oC is required.  Alternatively, tumble drying the items at the hottest setting for 30 
minutes will also kill all stages. For items which cannot be processed via either of 
those two routes,  conventional dry cleaning with perchloroethylene has  been shown 
to kill all bedbug stages (Naylor and Boase, 2010).   
 
Vacuuming 

Vacuum cleaners are sometimes used for bedbug control. Careful and 
intensive vacuuming will remove  a proportion of the more exposed bedbugs, 
although it is unlikely to remove bugs concealed within harbourages, nor will it 
remove many of their eggs which are cemented onto surfaces. However it is essential 
that appropriate steps are taken to avoid the vacuum cleaner transferring bedbugs 
between rooms and premises (Motoki, 2010). 
 
Extreme cold 

In general, the common bedbug is well adapted to temperate conditions, and 
can survive short exposure to temperatures a few degrees below freezing. However 
exposure for >2 h to the temperatures attained in a good domestic deep freezer (-
18oC), is lethal to bugs and their eggs (Naylor and Boase, 2010). Items that may be 
difficult to treat with other techniques, such as books, shoes or delicate clothing, 
should be bagged and placed in a deep freeze for several days, to ensure penetration 
of the cold to the centre of the items. Freezing is likely to be effective against both 
susceptible and insecticide resistant bedbug strains.  
 



As an alternative to use of static freezers, there is also a commercially 
available and portable system, that uses liquid carbon dioxide to produce a jet of 
frozen gas with a temperature of  -70oC. The jet of gas is directed to bedbug 
harbourages, and providing the insects and their eggs are directly exposed, they will 
be killed. The advantage of this technique is its potentially rapid action (Brown and 
Loughlin, 2012). 
 
Extreme heat 

Bedbugs, like other insects, are adversely affected by temperatures above  40-
45oC, and any rise of  temperature  above this  lead to rapid damage and lethal effects 
become pronounced  (Pereira et al., 2009). 
 

In bedbug control, a variety of techniques may be used to heat individual 
items, rooms or premises to levels where all stages of the bugs are killed. On a small 
scale, a mobile steamer (similar to a carpet cleaner) may be used to direct a flow of 
steam into bedbug harbourage areas. As with the use of freezing carbon dioxide, 
however care needs to be taken to avoid dislodging the bugs before they have 
received a lethal exposure to the hot steam.  
  

Electrically heated containers, ranging from c.1–5 m3 may be set up and used 
within a building for treatment of smaller items, while larger freight containers may 
be set up outside a building for treating numbers of beds and mattresses. These 
containers are typically fitted with sensors that measure and record the actual 
temperatures reached within the contents, to ensure that effective temperatures are 
reached and maintained throughout. Typically temperatures higher than the lethal 
minimum are used in practice to ensure rapid heat penetration and kill (Kells and 
Goblirsch, 2011). 
 

Alternatively, there are now a number of systems that heat entire rooms, or 
blocks of rooms. The main electricity supply in buildings cannot normally provide 
sufficient power, so heat is typically provided by a mobile diesel-powered external 
heater, from which either hot liquid is piped to heat exchange units within the rooms 
requiring heating, or hot air is ducted to the required rooms. Again the temperature 
will be monitored within the rooms, and technicians may enter the rooms and use a 
hand-held infra-red thermometer to detect cool-spots and adjust the heat movement to 
compensate.   
 
Pathogenic fungi 

The use of pathogenic fungi to control insect pests has been widely 
researched, and is in regular use against a few pests such as mosquitoes, locusts and 
aphids. The efficacy of Beauveria bassiana (Deuteromycota: Hyphomycetes) has 
been evaluated against bedbugs, by tarsal contact with a surface deposit, with 
encouraging results. However more work is required to demonstrate efficacy in the 
field and to develop an effective product (Barbarin et al., 2012). 
 
Chemical bed bug control techniques 
 

Pesticide use is controlled by legislations and guidelines in most countries. 
Pesticide users should always read, understand and follow the relevant conditions laid 
down by their national pesticide approval body, together with any other relevant 
legislation, in order to ensure safety to themselves, the public, and the environment.  



 
Insecticide active ingredients 
A wide range of insecticide classes are  in use for bedbug control. 
 
Organophosphates such as chlorpyrifos and diazinon were  widely used for bedbug 
control previously, but have now been withdrawn from use in most western countries.  
 
Carbamates such as bendiocarb are still in use in Europe, Australia and some other 
areas. Despite some resistance, they continue to be used, often as part of a sequence 
or mixture of treatments. 
 
Pyrethroids such as alphacypermethrin, deltamethrin, imiprothrin, lambdacyhalothrin, 
permethrin and others are widely used,  despite widely reported resistance. They are 
often used as part of a sequence or mixture (where approved) of products.   
 
Insect growth regulators (IGR) such as hydroprene, methoprene and pyriproxifen are 
in use against bedbugs, despite their intrinsically slow activity. They may be used as a 
single treatment, but more commonly as a tank mix or premix with a pyrethroid or 
carbamate. Methoprene remains active against strains resistant to conventional 
insecticides (Naylor et al., 2008).  
 
The neonicotinoids such as imidacloprid are more commonly used as insecticide 
baits, but there are now residual sprays containing neonicotinoids, either alone or in 
combination, for use against bedbugs (Goddard, 2013). 
 
The pyrrole chlorfenapyr has been  recently introduced to the USA for bedbug 
control. Although somewhat slower acting than pyrethroids against susceptible 
strains, it remains effective against resistant strains (Romero et al., 2012). 
 
Insecticide resistance 
In general, the regular use of an insecticide to control a particular insect, will tend to 
select for strains of that insect that are better able to withstand the effects of that 
particular insecticide. Consequently, many species of pests have developed resistance 
to one or more of the different classes of insecticide used to control them. Resistance 
of the common bedbug to DDT was first documented in 1958, to organophosphates in 
1968, and to pyrethroids and carbamates in 2006/7 (Boase et al., 2006; Romero et al., 
2007).  Despite the recent discovery of bedbug resistance to carbamates and 
pyrethroids, these classes remain in widespread use for bedbug control. Additionally, 
other insecticide classes, such as the insect growth regulators, neonicotinoids and 
pyrroles, are used, to which resistance in bedbugs has not yet been recorded.  
 

Since the recognition of resistance to the conventional insecticides , the 
method of control of bedbugs with insecticides has changed. Instead of a single 
treatment with an insecticide from one insecticide class, treatment programmes now 
typically consist of a series of two or more treatments, involving insecticides from 
several classes with differing modes of action. This tactic results in improved control 
compared to repeated application of the same insecticide (Rust, 1996). In addition, 
crack and crevice treatments are now commonly used, as they are more likely to 
ensure that the bugs receive a high dose of the insecticide, which may effectively 
overwhelm the resistance mechanism.  
 



Space treatment 
Insecticide space treatment involves the atomization of insecticide liquids into 

very fine droplets (typically 10–30 µm diameter), that drift in the air for extended 
periods. In general, they are better for contacting exposed or flying insects, and 
relatively poor at contacting concealed insects. Space treatments are almost entirely 
based on pyrethroids, often in mixture with a synergist.  Space insecticides may be 
applied by a number of different systems, such as a pressurized aerosol can, a 
pyrotechnic insecticide product, or an electrically powered ULV generator.  
 

In general, space treatment, despite its potential speed of use, is not seen as an 
effective bedbug treatment. Its limited efficacy arises from the poor ability of the 
droplets to penetrate concealed bedbug harbourages, and the reliance on pyrethroids 
to which there is widespread resistance. Nonetheless, some pest control organisations 
apply a space treatment immediately after having applied a residual insecticide 
treatment, as they consider that it improves overall activity by flushing insects out 
onto the wet insecticide deposit.  
 
 
Insecticide residual sprays 
Use of residual insecticide sprays has been the main technique used to control 
bedbugs since the introduction of synthetic insecticides in the mid 20th Century. 
Despite the recent appearance of resistance, and the introduction of a number of 
alternative control systems,  insecticide sprays continue to be the most commonly 
used bedbug control technique in most countries. Most  products for residual sprays 
are typically diluted in water (although a few may be diluted in organic solvents), and 
applied using a compression sprayer. A flat fan nozzle is commonly used, although a 
pin-stream nozzle may also be used where  cracks and crevices need to be treated.  
 

Product approval and conditions of use will vary  for a country. However in 
general, no insecticide products are approved for direct use on the bed linen. , 
However some products have approval for application to the mattress, provided it is 
then covered by a sheet before use. While most products are approved for application 
to the bed frame, to the room and  furniture within it, either as a spot treatment or a 
more widespread application.   
 

The objective of residual spraying is a) to contact as many bugs as possible 
with the spray itself, and b) to apply a residual film of insecticide to surfaces on which 
they will subsequently rest and walk.  
 
A variety of sprayable formulations are available, including suspension concentrates, 
wettable powders, suspo-emulsions, micro-emulsions, emulsifiable concentrates, and 
others. In general, those formulations in which the active substance is present in the 
form of particles, are likely to provide longer persistence on porous surfaces.  
 
Insecticide dusts 

A range of insecticide dusts are also used for bedbug control. Insecticide dusts 
are dry powders,that are puffed or blown into bedbug harborages, where they can 
provide a residual effect. Dusts may produce a potentially unsightly whitish deposit, 
so their use is typically restricted to concealed areas. Electrical sockets, gaps behind 
skirting boards or under floor boards, underside of fitted carpets, and openings where  
pipework passes through walls are all typical usage areas..  



 
Insecticide dusts typically contain either carbamate or pyrethroid insecticides, 

so their efficacy may be affected by bedbug resistance to these insecticides. 
 

However in addition to conventional insecticide dusts, desiccant dusts are also 
available for bedbug control. These dusts are based on silica, either of natural origin 
(diatomaceous earth) or manufactured amorphous silica. In both cases, the fine 
particles of silica damages the wax layer on the insect’s cuticle, either by abrasion or 
absorption, causing the insect to lose water and die. The desiccant dust will last for 
extended periods in dry, protected voids. Having an essentially physical action, it is 
active against both susceptible and insecticide resistant bedbug strains.  
 
Fumigation for bedbug control 

Fumigation is the use of toxic penetrating gases to kill pests. Typically this is 
carried out for control of food storage pests, but in the USA, the fumigant sulfuryl 
fluoride is now also used to control bedbugs. Whole buildings may be fumigated after 
careful sealing, or infested items such as furniture, may be transferred into a mobile 
fumigation chamber.  Sulfuryl fluoride has been shown to be effective against all life 
stages of the pest (Miller and Fisher, 2008). 
 
Systemic host treatments 

For control of ectoparasites such as fleas on companion animals, systemic 
treatments of the host are in widespread use.  
 

Assuming that appropriate treatments can be identified, use of this approach 
for control of bedbugs would require that the humans affected by bedbugs take a 
treatment (e.g. orally) in order to create active levels  of the material in their blood, 
which would then kill the bedbug when ingested. Clearly this is very unlikely to be 
suitable for guests in a hotel setting, but may be feasible for those living in infested 
premises.  
 

Preliminary evaluation of the efficacy of ivermectin  for this use has been 
reported (Sheele et al., 2012), although there is clearly more work to be done on this 
technique.  
 
 
 
 
 
 



 
 
 
 
 
 
Fig 3. Pest control technician spraying residual insecticide for bedbug control. Note 
the technician's personal protective equipment, the resident's clothing bagged ready 
for laundry, and the textile base of the bed frame has been removed 
 
 
Case history - Bedbug elimination from a busy urban hotel 



 
This case study demonstrates how a range of bedbug prevention, management 

and eradication techniques may be integrated to deal with challenging bedbug 
infestations. Although organophosphate insecticides are not now available for bedbug 
control in most western countries, and visual inspections are increasingly being 
replaced or supplemented by use of dogs or detectors, the overall approach used in 
this study is still considered to demonstrate good practice.  
 
Former bedbug control regime 

A 400 room hotel in the UK with no  previous records of  bedbug problem 
reported infestation in 2005 . Inspection showed bedbugs  in a few rooms. Despite 
insecticide treatment of rooms from which complaints were received, the bedbugs 
gradually spread through much of the hotel over the following two years. Numerous 
complaints were received from guests, and employee morale was adversely affected. 
The lost revenue, replacement costs for infested furniture, and refunds to guests, 
reached a point where the hotels’ profitability was threatened. The infestation was 
explained by the pest control contractor as arising from a high rate of bedbug 
introduction by guests, as a result of rising bedbug infestation levels nationally and 
internationally. 
 
New regime 

Clearly, the current reactive treatment regime was not effective. Despite the views 
about re-invasion, it was decided that the problems were more related to failure to 
control the bedbugs effectively, than to frequent re-introductions. A new bedbug 
management process was introduced, that focused more on comprehensive 
eradication of the bugs that were present. The process was based around: 

• Training of hotel staff, to minimize inadvertent movement of bugs by laundry 
or cleaning work. 

• Regular surveys of all rooms. 
• Careful room preparation before treatment. 
• A sequence of insecticide treatments, chosen to overcome insecticide 

resistance.  
 
Survey and room preparation 

Although there was a case for carrying out a full treatment of all guest rooms, 
regardless of infestation history, it was decided instead to conduct an initial survey of 
every room, and then plan the treatment programme accordingly. The advantages of 
this approach were seen as: 

• Explicitly establishing the infestation status in each room allowed the 
effectiveness of the programme to be subsequently measured against this 
baseline.  

• Areas of the hotel that were not infested could be left in operation, so 
maintaining revenue.  

• Insecticide use was minimized. 
 

At the time, effective bedbug monitors were not available, so all initial inspections 
were done visually. Each day, a block of rooms was taken off line, and the hotel’s 
facilities management contractors prepared each room for inspection and possible 
treatment, to a standard specification. This involved lifting the mattresses from the 
beds, removing headboards from the walls, lifting the edges of the fitted carpets, etc.  
Pest control staff then systematically checked each room for signs of infestation.  



 
Where signs of infestation were found in a particular room, a treatment zone was set 
up, consisting of three rooms either side, and five rooms opposite the infested room. 
A total of 109 rooms were found to be infested, and 309 rooms required treatment. 
 
Treatment 

It was recognized that the bugs were likely to be insecticide resistant, so a 
sequence of treatments using different chemical classes was therefore used. Initially a 
carbamate spray was applied in tank mix with an IGR, followed by a photostable 
pyrethroid and IGR combination product, followed by an organophosphate treatment. 
In addition, a desiccant dust was applied under fitted carpets, behind electrical 
sockets, and other voids. Treatments were applied at about 10 day intervals, so the 
time from survey to re-instatement of each room was between three and four weeks. 
All treatments were applied in accordance with the statutory label conditions. The 
entire treatment programme in the hotel was completed in 10 weeks. 
 
Outcome of treatment 

The pest control contractor carried out 3-monthly inspections of all rooms 
within the hotel for two years after treatment. At the first post-treatment inspection, 
only one room was found to be still infested, so the area was re-treated, and no further 
bedbugs were seen. The next positive report of bedbugs was 15 months later, in a 
room that had not been previously infested, so these were probably newly introduced 
bugs. Between the time when the treatment programme had finished and the first new 
sighting, about 30,000 guests had stayed at the hotel. 
 
Conclusions 
The above  study was important for several reasons. It demonstrated that: 
 

• A pro-active bedbug management strategy is more effective than a reactive 
approach.  

 
• Unusually high infestation rates in hotels are more likely to be a result of 

ineffective pest control, than rapid re-invasion.  
 

• Bedbugs can be eradicated, even from a busy hotel.  
 

• Even where insecticide resistance is present, bedbugs can still be effectively 
controlled using a sequence of different insecticides.  

 
Future prospects for bedbug status and management 
 

The bedbug has risen from obscurity to prominence within a decade, and is 
having a significant impact on the housing and hospitality sectors.  
 

The upsurge has caught media attention, has attracted an increase in research 
funding, and has triggered a wave of entrepreneurial activity, especially for products 
such as monitors, barriers, and non-chemical control systems, that require little or no 
approval.  Although lead times for insecticide development and introduction are much 
longer, some products containing novel insecticides, or mixture of insecticides, have 
already been introduced to control resistant strains. A number of protocols and Codes 



of Practice have also now been produced, that set out good practice for bedbug 
control.  
 

Other urban pests, such as German cockroaches and Pharaohs ants, have also 
gone through periods of relatively high infestation levels, but these pests have 
eventually declined, largely as a result of innovations in control technology. The 
trajectory of the current bedbug upsurge is not yet clear. On the one hand, pest control 
organisations are now much better equipped, in terms of both information and 
products, than they were in the early stages of the outbreak. However the novel 
systems that are now being used against bedbugs, such as canine detection, use of a 
sequence of insecticide treatments, heat treatment etc, are all relatively costly. As a 
result, although they are being readily implemented by those that can afford them, the 
uptake of control measures is less in low income accommodation. Unless effective, 
low cost and widely applicable techniques can be developed and implemented, there 
is a risk that a reservoir of bedbugs will become established in low-income 
accommodations, where it will not only remain a problem for local residents, but will 
also continually trickle  out into other accommodation (Robinson and Boase, 2011).  
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