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Abstract: In the past decade, there has been a global resurgence of bed bug infestations, especially
in developed countries. Proper awareness and identification of bed bug infestations are essential to
guide treatment and eradication. The purpose of this article is to familiarize physicians with bed bug
bites so that they can effectively diagnose, treat, and address questions about bed bug bites and in-
festations. Bed bug bites are often painless. Typical reactions include pruritic, erythematous macu-
lopapules occurring in clusters or in a linear or curvilinear distribution in exposed areas of the body.
A small red punctum may be visualized at the center of the bite mark. Lesions that appear three in a
row and papules on the upper eyelid associated with erythema and edema are highly suggestive of
bites from bed bugs. Exaggerated local reactions such as vesicles, urticarial wheals, urticarial per-
ilesional plaques, diffuse urticaria, bullae, and nodules may occur in previously sensitized individu-
als. Reactions to bed bug bites are self-limited. As such, treatment is mainly symptomatic. Topical
pramoxine and oral antihistamines can be used to alleviate pruritus. Topical corticosteroids can be
used for significant eruptions to control inflammation and pruritus, and to hasten resolution of the
lesions. Integrated pest management, an approach for the eradication of bed bugs, includes monitor-
ing devices (active monitors include the use of heat or carbon dioxide attractants and passive moni-
tors include the use of sticky pads for trapping), and judicious use of nonchemical and chemical
treatments known to be effective. Nonchemical interventions include keeping affected areas clean
and free of clutter, vacuuming, washing linens with hot water, caulking wall holes and cracks where
bugs can hide, proper disposal of highly infested items, and placement of bed bug traps/interceptors
at the base of beds and furniture. Chemical interventions involve the use of insecticides such as syn-
thetic pyrethroids, silicates, insect growth disruptors, carbamates, organophosphates, neonico-
tinoids, diethyl-meta-toluamide, chlorfenapyr, fipronil and plant essential oils. Insecticides should
be used with caution to prevent over-exposure and toxicity (in particular, cardiovascular and neuro-
logic toxicity), especially if there are young children around. It is important to note that multiple
mechanisms of insecticide resistance exist and as such, chemical treatment should only be under-
taken by trained professionals who understand the current literature on resistance. Both non-
chemical and chemical technologies should be combined for optimal results.
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Bed bug infestations may cause diverse dermal reactions, stigmatization, poor self-esteem, emo-
tional stress, anxiety, significant adverse effect on quality of life, and substantial socioeconomic
burden to society. As such, their rapid detection and eradication are of paramount importance. Con-
sultation with a professional exterminator is recommended to fully eradicate an infestation.
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1. INTRODUCTION should familiarize themselves with bed bug bites to effec-
tively diagnose, treat, and answer questions about bed bug
bites and infestations. A review of the topic is therefore in
order and is the purpose of the present article. This review

covers mainly literature published in the previous ten years.

Bed bugs are hematophagous arthropods that can infest
human dwellings and inflict bites to humans [1]. In recent
years, there has been a global resurgence of bed bug infesta-
tions, especially in developed countries [2-6]. Physicians

2. ENTOMOLOGY
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Bed bugs are obligate hematophagous ectoparasites that
belong to the phylum Arthropoda, the class Hexapoda (In-
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secta), the order Hemiptera, the family Cimicidae, and the
genus Cimex [1, 7]. Cimex lectularius (the common or tem-
perate bed bug) and Cimex hemipterus (the tropical bed bug)
are the two main species that feed primarily on humans [6,
8]. Cimex is derived from the Roman word for "bug" and
lectularius from the Latin word for "bed" or "couch" [9].
While humans are the preferred host, C. lectularius and C.
hemipterus can feed on other warm-blooded mammals and
birds [10-13]. The term “bed bug” is a misnomer as bed bugs
tend to hide not only in beds, but also in other indoor harbor-
ages that provide easy access to the human host. [14].

Adult bed bugs are reddish-brown, flat, oval-shaped,
wingless insects, typically 4 to 7 mm long, with females
slightly larger than males [7, 15, 16]. Latter instars and
adults are easily visible without magnification. Bed bugs are
usually brown in color and turn dull red or violaceous and
increase in size after feeding [7, 9]. They have a “buggy” or
"sickly sweet" odor [4, 17]. Bed bugs have 3 pairs of legs, a
pyramid-shaped head, a retroverted, slender and elongated
piercing-sucking labium (mouthparts), widely spaced com-
pound eyes, a pair of four-segmented antennae, a small sem-
icircular to triangular scutellum (dorsal sclerotic plate) be-
hind the pronotum (plate-like structures covering the dorsal
thorax), and an 11-segment abdomen (Fig. 1) [1, 18-20].
Short lateral hairs can be observed along the margins of the
upper thorax. Males have a pointed abdomen at the apex
while the females have a more rounded abdomen [4, 11].
The female has a ventral notch or paragenital sinus on the
posterior abdomen whereas the male has a paramere on only
one side of the posterior abdomen [20].

Fig. (1). Appearance of a bed bug on dermoscopy. (4 higher reso-
lution / colour version of this figure is available in the electronic
copy of the article).

Adult females lay approximately 5 to 8 eggs per week for
approximately 18 weeks when conditions are favorable
(23°C, 90% relative humidity) and with unlimited access to
blood meals [4, 10]. The eggs are translucent or light cream-
colored, elongated, and approximately 1 mm in length and
half as wide [21]. They become progressively darker and
larger as they develop [4]. Eggs typically hatch in 4 to 10
days [17, 22]. Newly hatched nymphs are pale and translu-
cent [17]. Nymphs molt five times and mature into adults in
6 to 8 weeks [17, 23]. The female bed bug needs a blood
meal to develop eggs and each nymph needs a blood meal
before each molt [9].

The typical lifespan of bed bugs in temperate climates is
6 to 24 months [11, 17]. Bed bugs can survive 12 months
without feeding and up to 24 months in cooler environments
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[17, 24]. However, males starved longer than 2 weeks will
cease to mate, and females starved longer than 2 months
produce fewer eggs than those starved for a much shorter
period of time [24, 25].

Bed bugs are unable to fly or jump [24]. It has been
shown that female bed bugs have more difficulty in climbing
smooth surfaces compared with their counterparts, presuma-
bly because of the larger weight gain by female bed bugs
after feeding [26]. Bed bugs are nocturnal, photophobic, live
in groups, respond to aggregation pheromones when condi-
tions are favorable and disperse when conditions are unfa-
vorable [20, 27]. Five volatile components (dimethyl disul-
fide, dimethyl trisulfide, 2-hexanone, (E)-2-hexanal, (E)-2-
octenal) and one less-volatile component (histamine) of bed
bug aggregation pheromones have been identified [28]. The
former five volatile components attract bed bugs to safe shel-
ters and the latter less-volatile component causes their ar-
restment upon contact [28].

During the day, bed bugs hide in surrounding habitat in
close proximity (usually within 2 meters) to where their
hosts sleep or rest [29, 30]. Bed bugs tend not to live on the
human body, and they return to their haborage after feeding
[10, 31]. They prefer to hide along seams in the mattresses,
in cracks and crevices of box springs and mattresses, uphol-
stered furniture, backsides of headboards, between wooden
floorboards, and behind loose pieces of wallpaper [20, 30,
32]. Bed bugs prefer black, blue, and red harborages more
than other colored harborages [33]. They tend to avoid
glossy or smooth surfaces [2]. Bed bugs can withstand tem-
peratures from 7°C to 45°C [6]. Exposure to a much higher
temperature, on the other hand, may reduce the feeding and
inhibit the development of bed bugs [34]. Bed bugs have
lipid-based physicochemical properties that protect them
against insecticides [35].

3. PATHOPHYSIOLOGY

At night, bed bugs crawl to their host to feed, being at-
tracted to the host by body warmth, sweat, odor, and exhaled
carbon dioxide [36-42]. The peak feeding times occur be-
tween 1 and 5 am, usually while the victim is asleep or rest-
ing [4]. Each feeding typically lasts 3 to 12 minutes [15].
Usually, an adult bed bug sucks blood from the host every
2.5 to 4 days [43, 44]. During feeding, bed bugs grasp the
human skin with their forelegs [20]. The mouthparts which
are normally held close beneath the head and thorax, swing
down before feeding [13]. The bed bugs then pierce the skin
with their proboscis which is composed of two elongated
extremely fine needle-like stylets. The first stylet secretes
several substances including anesthetic compounds, vasodi-
lators (such as nitrophorin), anticoagulant factors (e.g., fac-
tor-X inhibitor), apyrase (e.g., adenosine triphosphate-
diphosphohydrolase) which is a platelet- activation and ag-
gregation inhibitor, and pharmacologically active substances
(e.g., hyaluronidase, proteases, kinins) [10, 23, 45, 46]. The
second stylet extracts blood either directly from the capillary
or from the extravasated blood from damaged tissue [17].
Bed bugs can increase in weight by 150 to 200% and length
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by 30 to 50% after a feed [9, 47]. Cutaneous reactions such
as erythema and wheals are caused by the pharmacologically
active substances such as various proteins found in the saliva
of bed bugs [10, 48]. The type of reaction depends on the
immunocompetence and sensitivity of the individual [13].
Repeated exposure may sensitize the individual, leading to
more severe cutaneous or systemic hypersensitivity reactions
[23, 49].

4. EPIDEMIOLOGY

Both sexes are equally affected. Bed bugs are found in-
ternationally but are more prevalent in areas of lower socio-
economic status [50-52]. Cimex lectularius is most prevalent
in temperate climates whereas C. hemipterus is most preva-
lent in tropical regions within 30 degrees of the equator. In
recent years, both C. lectularius and C. hemipterus have
been found outside their traditional zones of infestation [51].
Wang et al. [53] examined bed bug prevalence in 2,372 low-
income apartments in four New Jersey cities using a combi-
nation of resident interviews, brief visual inspections, and
monitoring with Climbup Insect Interceptors. Infestation
rates ranged from 3.8% to 29.5%, with an overall infestation
rate of 12.3% [53]. Sheele et al. [54] surveyed 706 patients
in an emergency department in Cleveland, Ohio, about their
experiences with bed bugs. Of the 706 patients, 2% had a
current bed bug infestation, 37% had a history of bed bug
infestation, 15% currently knew someone with an active in-
festation, and 59% knew someone who had bed bug infesta-
tion within 5 years. It is estimated that 1 in 5 Americans ei-
ther has had a bed bug infestation in their home or knows
someone who has had a bed bug infestation [4]. Areas of
high occupant turnover, such as hotels (especially low budg-
et ones), motels, hostels, nursing homes, dormitories, low-
income, high-rise apartments, and shelters for the homeless
are more frequently affected [17, 29, 50, 55]. Bed bug infes-
tations are also common in refugee camps [22]. Other pre-
disposing factors include poverty, overcrowding, homeless-
ness, poor hygiene, and poor pest control [4, 17].

The recent resurgence in bed bugs especially in devel-
oped countries has been attributed to evolving resistance to
pesticides (e.g., pyrethroids, carbamates, organophosphates),
inadequate pest control programs, lack of public awareness,
more frequent travel (especially international travel), and
immigration [56-58]. Bed bugs are usually transported pas-
sively, mainly in luggage, book bags, clothing, and furniture
[2, 59, 60]. Less commonly, bed bugs may spread actively
from room to room in communities, such as through ventila-
tion ducts, power outlets, and electrical wiring [61]. Skin-to-
skin transfer of bed bugs is rare, owing to the nocturnal na-
ture of bedbugs and the fact that bedbugs tend to avoid mov-
ing hosts [10].

5. HISTOPATHOLOGY

Histologic examination of a classic lesion shows epider-
mal spongiosis, dermal edema, and perivascular eosinophilic
and lymphocytic infiltrates [4, 62]. Extravasated erythrocytes
may also be noted [21].
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6. CLINICAL MANIFESTATIONS OF BED BUG
BITES

Typically, bed bug bites are painless [7, 63]. Clinically,
bites are distributed in exposed areas of the body which are
not covered by clothing, such as the arms, forearms, wrists,
legs, ankles, neck and face and are often noticed upon awak-
ening [16, 50, 64]. Bed bugs cannot bite through physical
barriers such as cloth or paper [21]. Local bite reactions de-
pend on the host's prior sensitivity. Approximately 50% of
individuals react to the first bite [62, 65].

Fig. (2). Bed bug bites presenting as erythematous macules and
papules (papular urticaria). (4 higher resolution / colour version of
this figure is available in the electronic copy of the article).

Fig. (3). Erythematous urticarial papules (papular urticaria) result-
ing from bed bug bites. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

Typical reactions include pruritic, erythematous macules
and papules, also known as papular urticaria (Figs. 2 and 3)
which are usually 2 to 5 mm in diameter [17, 66]. Bites typi-
cally occur in clusters or in a linear (Fig. 4) or curvilinear
distribution (Fig. 5) [67-69]. Lesions that appear three in a
row (Fig. 6), colloquially referred to as the "breakfast, lunch,
and dinner" sign, are highly suggestive of bed bug bites [67-
71]. A small red (hemorrhagic) punctum may be visualized
at the center of the bite mark [8, 16]. Some lesions may have
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a central crust or erosion (Fig. 7). Most lesions resolve with-
in one week [16, 20]. Some authors have noted that papules
on the upper eyelid associated with erythema and edema (the
"eyelid sign") consistent with arthropod bites are highly sug-
gestive of bites from bed bugs [62, 72]. Exaggerated local
reactions such as vesicles, urticarial wheals (Fig. 8), urticari-
al perilesional plaques, diffuse urticaria, bullae (Fig. 9), and
nodules (may be hemorrhagic) may occur in previously sen-
sitized individuals and these lesions are usually pruritic [2, 7,
73-80]. If there are large numbers of bites, lesions can be
generalized [63]. Reactions can be immediate or delayed up
to 2 weeks after a bite [16]. At times, skin reactions are so
minor that they go undetected, and the only evidence of a
bed bug may just be a small punctum [18]. Rarely, systemic
reactions such as asthma and anaphylaxis may occur [73,
81].

Fig. (4). Bed bug bites presenting as erythematous papules in a

linear configuration. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

Fig. (5). Bed bug bites presenting as erythematous papules in a
curvilinear configuration. (4 higher resolution / colour version of

this figure is available in the electronic copy of the article).
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Fig. (6). Three lesions in a row, colloquially referred to as the
"breakfast, lunch, and dinner" sign. (4 higher resolution / colour
version of this figure is available in the electronic copy of the arti-
cle).

Fig. (7). Central crusts noted in some of bed bug bite lesions. (4
higher resolution / colour version of this figure is available in the
electronic copy of the article).

Fig. (8). Bed bug bites resulting in urticarial wheals. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).
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Fig. (9). A bullous eruption resulting from a bed bug bite. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

7. DIAGNOSIS

The diagnosis is suggested by the history (recent travel to
infested areas, poor home environment, residence within
building with known bed bug infestation, concurrent infesta-
tion among cohabitants, use of previously owned furniture),
clinical findings of bites (tiny hemorrhagic punctum, pruritic
erythematous maculopapules and wheals in clusters or linear
pattern in exposed areas of the body), and findings of flecks
of blood on bed linen, dark brown insect fecal droplets, exo-
skeleton casts, and identification of bed bugs in cracks and
crevices of mattress seams, box springs, and upholstered
furniture [16, 30]. Dermoscopy is a useful tool to observe the
tiny hemorrhagic punctum (bite spots) in a background of
diffuse erythema [82-84]. With heavy infestation, a pungent
“sickly sweet” malodor may be detected. In the majority of
cases, the diagnosis can be confirmed by visual identification
of the bed bug.

From a public health perspective, use of a trained bed
bug-detection dog is gaining popularity [80, 85-87]. In one
study, the diagnostic accuracy was 96.3% with a positive
predictive value of 83.3% and a negative predictive value of
99.1% [85]. Lateral flow strip tests for detecting specific
proteins in biological samples can be used for the detection
of the bed bug specific proteins in the sample, thus allowing
the diagnosis of bed bug infestation to be made without the
expertise of an entomologist [88]. Proper identification of
bedbug infestation is essential to guide treatment and eradi-
cation.

8. DIFFERENTIAL DIAGNOSIS

Swallow bugs (Cimex vicarius) and bat bugs (Cimex ad-
Jjunctus) may incidentally bite humans although humans are
not the preferred host [22]. These bugs may produce bites
similar to bed bug bites. Examination of the insect by an
entomologist can aid in the diagnosis. In general, swallow
bugs are smaller than bed bugs, are grayish in color, have
long, fine body hairs, and visible antennae. Swallow bugs
infest the nests of swallow birds. Bat bugs have longer lat-
eral hairs (longer than the diameter of the eye) on the upper
thorax than in the bedbugs (shorter than the diameter of the
eye) and they stay close to their bat hosts and only wander to
other hosts when abandoned [22].
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Bed bug bites should be differentiated from scabies and
other arthropod bites. Scabies, an infestation of the skin
caused by the mite Sarcoptes scabiei var. hominis, is charac-
terized by burrows, an erythematous papular eruption, and
intense pruritus typically worse at night [89, 90]. Burrows
which are pathognomonic of the disease, appear as serpigi-
nous grayish, whitish, reddish, or brownish lines several mil-
limeters long in the upper epidermis usually in the intertrigi-
nous regions and the interdigital web spaces. Finding the
mite, ova, or scybala on microscopic examination of scrap-
ings taken from skin lesions confirms the diagnosis. The use
of dermoscopy in patients with scabies reveals a sinuous
burrow with a brown jet-shaped triangular structure (“delta
wing jet” or “mini triangle” sign) composed of the pigment-
ed head and anterior legs of the mite. Flea bites are charac-
terized by irregular groups of multiple erythematous pruritic
wheals with a central punctum on the lower legs (especially
ankles) and are more often seen in pet owners [6, 91]. Mos-
quito bites present as urticarial papules and wheals and occur
on exposed areas only. Tick bites present as an asymptomat-
ic papule which may evolve into an annular lesion at the site
of a tick bite (in exposed areas of the body) in the case of
Lyme disease [91]. Central clearing of the lesion as the le-
sion expands, gives rise to “bull's eye” or “target” appear-
ance [91]. Tick bites are more commonly seen in pet owners
and hikers especially during the spring and summer.

Other differential diagnoses include drug eruptions, food
allergies, urticaria, chickenpox, contact dermatitis, erythema
multiforme, dermatitis herpetiformis, pityriasis lichenoides
et varioliformis acuta, prurigo nodularis, lymphomatoid pap-
ulosis, Grover disease, Sweet syndrome, Gianotti-Crosti
syndrome, and delusional parasitosis [92-104]. The distinc-
tive features of each condition usually allow for a straight-
forward differentiation from bed bug bites.

9. COMPLICATIONS

Post-inflammatory pigmentary changes may occur but
are usually transient [62]. Scratching can lead to secondary
bacterial infection including impetigo, cellulitis, folliculitis,
ecthyma, and lymphangitis usually caused by Staphylococ-
cus aureus or group A streptococci [13]. Scratching may
lead to excoriation and may increase the severity of existing
skin conditions, such as atopic dermatitis and psoriasis. Itch-
ing may lead to sleep deprivation, reduced ability to concen-
trate, tiredness, and somnolence [105].

With heavy infestations, iron deficiency anemia may re-
sult from chronic blood loss [43, 106-108]. Otitis externa has
been reported as a result of bed bug infestation in the ear
canal [82]. Rarely, bed bug bites may result in anaphylaxis
especially in individuals with a history of atopy [22].

Bed bug infestation can also lead to social stigmatization,
poor self-esteem, anxiety, nervousness, psychological dis-
tress, nightmares, hypervigilance, flashbacks, avoidance be-
haviors, depression, and posttraumatic stress disorder [45,
109-112]. One case of suicide resulting from bed bug infes-
tation has been reported [113].
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Bed bug bites can have a significant adverse effect on
quality of life [6]. Also, the economic burden in the eradica-
tion of bed bug infestation can be substantial [6]. Although
pathogens such as hepatitis B virus, hepatitis C virus, human
immunodeficiency virus, Leishmania parasites, Francisella
tularensis, Borrelia burgdorferi, Bartonella quintana,
Wolbachia, Rickettsia parkeri, and Trypanosoma cruzi have
been detected in bed bugs, thus far, there is insufficient evi-
dence that bed bugs are involved in the transmission of these
infectious diseases to humans [114-119].

10. MANAGEMENT OF BED BUG BITES

Reactions to bed bug bites are self-limited and usually
spontaneously resolve within one to two weeks [22]. As
such, treatment is mainly symptomatic. Patients should be
advised to maintain good dermal hygiene and to avoid
scratching the lesions to reduce local reactions and to prevent
secondary bacterial infection. Topical pramoxine and oral
antihistamines (e.g., diphenhydramine, hydroxyzine, lorata-
dine, desloratadine, cetirizine, bilastine, rupatadine) can be
used to alleviate pruritus and can help with urticarial reac-
tions [23, 47, 120]. Topical corticosteroids can also be used,
if the eruption is significant enough, to control inflammation
and pruritus, and to hasten resolution of lesions [23]. In gen-
eral, the least potent corticosteroid that can control symp-
toms should be used. Oral corticosteroids should be consid-
ered for severe or diffuse bullous lesions [73]. Secondary
bacterial infection can be treated with topical antibiotics
(e.g., mupirocin, fusidic acid) and, in severe cases, with sys-
temic antibiotics [17, 23]. Severe systemic reactions such as
anaphylaxis may require treatment with intramuscular epi-
nephrine, oral antihistamines, and oral corticosteroids [17,
20, 47]. Psychologic support should be offered if needed,
especially for individuals with severe anxiety or secondary
delusional parasitosis [22].

A recent study on 20 children with recurrent papular urti-
caria due to bed bugs unresponsive to multiple treatments
(such as oral antihistamines, topical corticosteroids, eradica-
tion of bed bugs through application of insecticides in their
homes) treated with subcutaneous specific immunotherapy
(using whole body bed bug extract) showed significant im-
provement of papular urticaria [121]. The authors of the
study suggested that immunotherapy has a protective effect
against subsequent reactions to exposure to bed bugs by in-
creasing 1gG4 [121]. Further studies are necessary to con-
firm or refute the above findings.

11. ERADICATION OF INFESTATION

Bed bugs are difficult to eradicate because they breed
quickly and are quite elusive [14]. In addition to the infested
rooms, the adjoining areas should be inspected and treated
meticulously. For eradication of bed bugs, integrated pest
management (IPM) may be an effective approach. The IPM
includes monitoring devices (active monitors include the use
of heat or carbon dioxide attractants and passive monitors
include the use of sticky pads for trapping), canine detection,
and judicious use of nonchemical and chemical treatments
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known to be effective [122-124]. It has been shown that
blood deprivation combined with heat stress increases the
rate of eradication [125, 126]. Eradication of bed bug infesta-
tion requires the expertise of a professional exterminator
[14]. Patients should refrain from initiating control measures
themselves. Confirmation of live bed bugs two weeks after
appropriate treatment indicates continued infestation [78].

11.1. Non-chemical Interventions

Generally, nonchemical interventions have a more im-
mediate effect in reducing the number of bed bugs and are
less hazardous than chemical interventions [4]. Nonchemical
interventions include keeping affected areas clean and free of
clutter, vacuuming, use of equipment to heat room to a lethal
temperature (60°C) for bed bugs, steam treatment of furni-
ture, washing linens with hot water, placing infested items
into a freezer (temperature -17°C for at least two hours),
caulking wall holes and cracks where bugs can hide, mattress
encasements, proper disposal of highly infested items (sealed
in plastic), and placement of bed bug traps/interceptors (e.g.,
the “pitfall” style) at the base of beds and furniture [127-
132]. Most traps use heat or semiochemicals (e.g., carbon
dioxide, kairomones) to attract bed bugs.

11.2. Chemical Interventions

Chemical interventions involve the use of insecticides
such as synthetic pyrethroids (e.g., permethrin, cyperperme-
thrin, alpha-cyfluthrin, beta-cyfluthrin, deltamethrin, lamb-
da-cyhalothrin, bifenthrin), natural pyrethrins, silicates
(mostly diatomaceous earth dust [DED]), insect growth dis-
ruptors, formerly termed insect growth regulators, (e.g.,
lufenuron, novaluron, hydropene, methoprene, pyriproxy-
fen), carbamates (e.g., propoxur, carbaryl, bendiocarb, me-
toxadiazone), organophosphates (e.g., malathion, dichlorvos
[2,2-dichlorovinyl dimethyl phosphate] [DDVP], diazinon,
fenitrothion, trichlorfon, propetamphos, pirimiphos-methyl),
neonicotinoids (e.g., acetamiprid, clothianidin, fenthion, di-
notefuran, imidacloprid, nitenpyram, thiocloprid, thiameth-
oxam), diethyl-meta-toluamide (DEET), chlorfenapyr,
fipronil and plant essential oils [2, 62, 133, 134]. Application
of residual insecticides remains the primary choice for eradi-
cating bed bug infestations [133]. Insecticides can be applied
to cracks in furniture, seams and buttons of mattresses, walls,
and floors to eliminate bed bug infestation.

Insecticides should be used with caution to prevent over-
exposure and toxicity (in particular, cardiovascular and neu-
rologic toxicity), especially if there are young children or
pets around [135, 136]. One may want to note that DEET
may modify the feeding behavior of bed bugs, in the sense
that bed bugs exposed to DEET may take multiple blood
meals instead of a single blood meal [13]. Also, extensive
use of insecticides has resulted in resistance in bed bug
populations.

By far, pyrethroids are the most commonly used insecti-
cide for bed bug control [4]. Presumably, pyrethroids work
by blocking sodium channel repolarization of the neuron of
bed bugs through cell membrane channels with resultant
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paralysis and eventual death [137-139]. Resistance to pyre-
throids is increasing and is a growing global concern [140-
148]. An important resistance mechanism against pyre-
throids is resistance of target site caused by point mutations
in voltage-gated sodium channel (VGSC) gene that results in
substitutions of the amino acid sequence of the VGSC pro-
tein (also known as knockdown resistance) [141-151]. Other
resistance mechanisms include increased activities of detoxi-
cation enzymes (such as hydrolytic esterases and microsomal
oxidases) and cuticle thickening as a result of overexpression
of cuticle depositing protein [152-154]. The addition of pip-
eronyl butoxide may increase the efficacy of permethrin by
overcoming the resistance mechanisms of some strains of
bed bugs [4]. Natural pyrethrins have been found to be less
effective.

Silicates work by absorbing lipids on the waxy surface of
the epicuticle of the bed bug [4]. Bed bugs exposed to sili-
cates can no longer maintain moisture and may die of dehy-
dration [4]. Silicates are available in an aerosol or dust for-
mulation. Several studies have shown dust-based formula-
tions provide longer residual protection than aerosols and are
therefore more efficacious [155, 156]. The advantages of
using silicates are very low mammalian toxicity, long shelf-
life, long residual life, and low possibility of resistance [4].
The main disadvantage is that silicates are slow acting and
may take up to 6 days to achieve 100% mortality in bed bugs
[4].

There are two main kinds of insect growth disruptors,
namely, chitin synthesis inhibitors (e.g., lufenuron, novalu-
ron) and juvenile hormone analogs, also known as juvenile
hormone mimics (e.g., hydropene, methoprene, pyriproxy-
fen) [157]. Chitin synthesis inhibitors interfere with the for-
mation of chitin. Juvenile hormone analogs work by disrupt-
ing the metamorphosis of nymphal stages of bed bugs, par-
ticularly at juvenile stages [4, 158]. Nymphs so treated tend
to die during subsequent molts [4]. Female nymphs are more
susceptible than male nymphs [158]. Although insect growth
disruptors are slower acting than neurotoxic insecticides,
they have a favorable safety profile, including low mamma-
lian toxicity [153].

Carbamate insecticides are N-methyl carbamates derived
from carbamic acid that cause reversible carbamylation of
acetylcholinesterase at neuromuscular junctions and neuronal
synapses [159, 160]. The resultant elevated acetylcholine
may lead to increased neurotransmitter signalling, hyperpo-
larization, paralysis of nerves and muscles, and ultimate
death of bed bugs [160]. An amino acid substitution muta-
tion F348Y at an acyl-binding site of the paralogous acetyl-
cholinesterase gene accounts for carbamate resistance in bed
bugs [161].

Organophosphate insecticides work by causing irreversi-
ble inhibition of acetylcholinesterase at neuromuscular junc-
tions and neuronal synapses [161]. In many countries, or-
ganophosphate insecticides are no longer available except in
impregnated strips [4]. DDVP, a volatile organophosphate
often formulated into resin strips, can be used for fumigation
of infested items which are placed into sealed plastic bags
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with the strips [4, 162]. The efficacy can be increased with
the use of heat and air circulation which will increase the
volatility of DDVP [4, 162]. Substitution mutation of F348Y
of acetylcholinesterase gene contributes to organophosphate
resistance in bed bugs [161]. Penetration resistance through
remodelling or thickening may also contribute to resistance
to organophosphate insecticides [133, 152].

Neonicotinoids act selectively on the nicotinic acetylcho-
line receptors in the central nervous system of bed bugs,
leading to depolarization and continuous firing in post-
synaptic neurons, resulting in spastic paralysis and ultimate
death of bed bugs [163]. Although neonicotinoids are less
efficacious than some pyrethroids, they are -efficacious
against some pyrethroid-resistant bed bugs [4, 164]. Com-
mercial formulations that contain a combination of a neon-
icotinoid and a pyrethroid are more efficacious in the treat-
ment of bed bug infestation than either neonicotinoid or py-
rethroid alone [165, 166].

Diethyl-meta-toluamide (DEET), a synthetic chemical
repellent, works by blocking the neuronal responses within
the olfactory receptor neurons or odorant receptors of bed
bugs to specific human odors [167]. In addition, DEET may
function as a stimulus that triggers avoidance behavior of
bed bugs in response to human odors [167]. The product
provides a high level of repellency against bed bugs [168,
169]. Pyrethroid resistance is associated with a decreased
DEET repellency [170].

Chlorfenapyr is a pro-insecticide derived from a class of
microbially produced compounds known as halogenated
pyrroles. The pro-insecticide is converted to an active toxic
metabolite (AC-303268) by cytochrome P450 monooxygen-
ases of the insect [171, 172]. AC-303268 disrupts oxidative
phosphorylation in the mitochondria, preventing the for-
mation of adenosine triphosphate (ATP), which is vital for
the survival of the insect [171, 172]. The product is available
in aerosol and liquid spray formulations. Although chlorfe-
napyr is slow acting and does not cause quick knockdown, it
has a long residual life and activity (up to 4 months) [164,
171, 173]. Chlorfenapyr is a nonrepellent and is effective
against all bed bugs strains including multiple insecticide-
resistant bed bugs [134, 172, 174]. The insecticide is particu-
larly effective against first-instar nymphs [175]. Studies have
shown that bloodmeal feeding increases the survival time of
bed bugs exposed to topical application and fresh or aged
residual deposits of chlorfenapyr [176, 177]. Chlorfenapyr
has a relatively low toxicity to humans [164, 178] and re-
sistance of bed bugs to chlorfenapyr is low [164].

Fipronil, a phenylpyrazole, works by blocking the ligand-
gated ion channel of the gamma aminobutyric acid (GABA)
receptor and glutamate-gated chloride channels of the bed
bug. This causes hyperexcitation of nerves and muscles with
eventual death of the insect. Fipronil, available as a spray
and powder, is highly effective against bed bugs [164, 179].
Synergism with piperonyl butoxide increases the susceptibil-
ity of bed bugs to fipronil [163].

Many essential oils from plants (such as coconut oil,
clove oil, tea tree oil, peppermint oil, lemongrass oil) have



144  Current Pediatric Reviews, 2024, Vol. 20, No. 2

insect repellent effects and insecticidal activities [180, 181].
Plant-derived essential oils have a favorable safety profile
and have been used for the control of bed bug infestations
[182-186].

12. PREVENTION

While awaiting eradication of bed bugs, it is reasonable
to apply permethrin 5% cream or 40% DEET before going to
bed to prevent bed bug bites [9].

Avoidance is the best means in the prevention of bed bug
bites. Individuals should carefully inspect unfamiliar sleep-
ing areas such as hotel rooms for bed bugs or their fecal
droplets prior to use, with particular attention to mattress
seams, crevices in box springs, and behind headboards [18,
20, 187]. Items purchased at second-hand stores or at garage
sales should be carefully inspected for bed bugs before these
items are brought into homes. Improving sanitation and in-
creasing public health education, along with improved pest
control strategies, can improve the control of bed bug popu-
lations [80].

13. PROGNOSIS

The overall prognosis is excellent as the local reactions
usually resolve within one to two weeks assuming bed bugs
have been eradicated from the sleeping areas of the patients
[20, 23].

CONCLUSION

In recent years, there has been a global resurgence of bed
bug infestations. As the infestations may cause diverse der-
mal reactions, stigmatization, emotional stress, significant
adverse effect on quality of life, and substantial socioeco-
nomic burden to society, their rapid detection and eradication
are of paramount importance. Consultation with a profes-
sional exterminator is recommended to fully eradicate the
infestation.

AUTHORS’ CONTRIBUTIONS

Professor Alexander K.C. Leung is the principal author.
Dr. Joseph M. Lam, Dr Benjamin Barankin, Dr Kin Fon
Leong and Professor Kam Lun Hon are coauthors. All the
authors contributed to drafting and revising the manuscript
and approved the final version submitted for publication.

LIST OF ABBREVIATIONS

ATP = Adenosine Triphosphate

C. = Cimex

DDVP = 2,2-Dichlorovinyl Dimethyl Phosphate
DED =  Diatomaceous Earth Dust

DEET = Diethyl-meta-toluamide

GABA = Gamma Aminobutyric Acid

IPM = Integrated Pest Management

Leung et al.
MALDI- = Matrix-Assisted Laser Desorption/Ioniza-
TOF MS tion Time-of-Flight Mass Spectrometry
VGSC = Voltage-gated Sodium Channel

CONSENT FOR PUBLICATION
Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

Professor Alexander K.C. Leung is a section editor of
Current Pediatric Reviews.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] Delaunay P, Benzaquen M, Berenger JM, Parola P. Bed bug bites.
Dermatol Ther 2020; 33(6): e14341.
http://dx.doi.org/10.1111/dth.14341 PMID: 32975355

[2] Bernardeschi C, Le Cleach L, Delaunay P, Chosidow O. Bed bug
infestation. BMJ 2013; 346: f138.
http://dx.doi.org/10.1136/bmj.f138 PMID: 23341545

[3] Bryks S. The bed bug dilemma. J Environ Health 2010; 73(4): 48.
PMID: 21133314

[4] Doggett SL, Dwyer DE, Pefias PF, Russell RC. Bed bugs: Clinical
relevance and control options. Clin Microbiol Rev 2012; 25(1):
164-92.
http://dx.doi.org/10.1128/CMR.05015-11 PMID: 22232375

[5] Haynes KF, Goodman MH, Potter MF. Bed bug deterrence. BMC
Biol 2010; 8(1): 117.
http://dx.doi.org/10.1186/1741-7007-8-117 PMID: 20828375

[6] Studdiford JS, Conniff KM, Trayes KP, Tully AS. Bedbug infesta-
tion. Am Fam Physician 2012; 86(7): 653-8.

PMID: 23062093

[7] Cohen PR, Tschen JA, Robinson FW, Gray JM. Recurrent episodes
of painful and pruritic red skin lesions. Am J Clin Dermatol 2010;
11(1): 73-8.
http://dx.doi.org/10.2165/11311140-000000000-00000
PMID: 20000880

[8] Harrison IS, Stein AP, Zeb L, Radhakrishnan NS. Bed bug (Cimex
spp.) colonization of human host. JAAD Case Rep 2022; 23: 103-5.
http://dx.doi.org/10.1016/j.jdcr.2022.03.003 PMID: 35495968

[9] McMenaman KS, Gausche-Hill M. Cimex lectularius (“Bed
Bugs”): Recognition, management, and eradication. Pediatr Emerg
Care 2016; 32(11): 801-6.
http://dx.doi.org/10.1097/PEC.0000000000000948
PMID: 27811535

[10] Ennis AC, Pearson-Shaver AL. Bedbug bites. 2021.

[11] Monroe J. Atypical linear configuration of bedbug bites in an eight-
year-old boy: A case report and overview of cimicosis. J Clin Aes-
thet Dermatol 2020; 13(Suppl. 6): S26-9.

PMID: 33282107

[12] Potts R, Peta V, Agany DDM, et al. Molecular analysis of the
blood meals and bacterial communities of bed bugs (Cimex lectu-
larius L.) to assess interactions with alternative hosts. Parasitol Res
2021; 120(4): 1209-17.
http://dx.doi.org/10.1007/s00436-021-07079-x PMID: 33559752

[13] Thomas I, Kihiczak GG, Schwartz RA. Bedbug bites: A review. Int
J Dermatol 2004; 43(6): 430-3.
http://dx.doi.org/10.1111/j.1365-4632.2004.02115.x
PMID: 15186224

[14] Henriksen M. Bed bug basics. Provider 2012; 38(10): 73-74, 77.
PMID: 23072210



Bed Bug Infestation

[13]

[16]

[17]

[18]

[19]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(311

[32]

[33]

Lavery MJ, Parish LC. Bed bugs revisited. Skinmed 2011; 9(1): 6-
8.

PMID: 21409956

Leung AKC, Barankin B, Leong KF. Pruritic erythematous papules
in a previously well teenager. Paediatr Child Health 2018; 23(2):
119-21.

http://dx.doi.org/10.1093/pch/pxx173 PMID: 29686497

Fallen RS, Gooderham M. Bedbugs: An update on recognition and
management. Skin Therapy Lett 2011; 16(6): 5-7.

PMID: 21833462

Elston DM, Stockwell S. What’s eating you? Bedbugs. Cutis 2000;
65(5): 262-4.

PMID: 10826083

McNeill CA, Allan SA, Koehler PG, Pereira RM, Weeks ENIL
Vision in the common bed bug Cimex lectularius L. (Hemiptera:
Cimicidae): Eye morphology and spectral sensitivity. Med Vet En-
tomol 2016; 30(4): 426-34.

http://dx.doi.org/10.1111/mve.12195 PMID: 27670265

Patel D, Elston DM. What’s eating you? Bedbugs revisited (Cimex
lectularius). Cutis 2012; 90(4): 173-5.

PMID: 23259201

Calianno C. Bedbugs (Cimex lectularius). Nurse Pract 2012; 37(6):
6-10.

http://dx.doi.org/10.1097/01.NPR.0000414599.62765.fb

PMID: 22635257

Elston DM, Kells S. Bedbugs. In: Post TW, Ed. UpToDate. Wal-
tham, MA. (Accessed on May 22, 2022).

Kolb A, Needham GR, Neyman KM, High WA. Bedbugs. Derma-
tol Ther 2009; 22(4): 347-52.
http://dx.doi.org/10.1111/j.1529-8019.2009.01246.x

PMID: 19580578

Tammaro A, Adebanjo GAR, Magri F, Parisella FR, De Marco G.
Cutaneous reactions to bedbug bites. Int J Dermatol 2022; 61(2):
e58-9.

http://dx.doi.org/10.1111/ijd.15622 PMID: 33899212

Matos YK, Osborne JA, Schal C. Effects of cyclic feeding and
starvation, mating, and sperm condition on egg production and fer-
tility in the common bed bug (Hemiptera: Cimicidae). J] Med En-
tomol 2017; 54(6): 1483-90.

http://dx.doi.org/10.1093/jme/tjx132 PMID: 28981678

Hottel BA, Pereira RM, Gezan SA, Qing R, Sigmund WM, Koeh-
ler PG. Climbing ability of the common bed bug (Hemiptera:
Cimicidae). ] Med Entomol 2015; 52(3): 289-95.
http://dx.doi.org/10.1093/jme/tjv012 PMID: 26334801

Mendki MJ, Ganesan K, Parashar BD, Sukumaran D, Prakash S.
Aggregation responses of Cimex hemipterus F. to semiochemicals
identified from their excreta. J Vector Borne Dis 2014; 51(3): 224-
9.

PMID: 25253216

Gries R, Britton R, Holmes M, Zhai H, Draper J, Gries G. Bed bug
aggregation pheromone finally identified. Angew Chem Int Ed
2015; 54(4): 1135-8.

http://dx.doi.org/10.1002/anie.201409890 PMID: 25529634

Pietri JE. Bed Bugs (Cimex spp. (Hemiptera: Cimicidae)) as Per-
manent Ectoparasites: A rare but potentially significant phenome-
non. J Med Entomol 2021; 58(6): 2038-9.
http://dx.doi.org/10.1093/jme/tjab136 PMID: 34327537

Totkova A, Totka A, Sevcikova L, Argalasova L, Cibulkova A,
Simko M. Problems with the bedbug (Cimex lectularius) in Slo-
vakia. Ann Agric Environ Med 2019; 26(3): 400-4.
http://dx.doi.org/10.26444/aaem/103898 PMID: 31559793

Gaire S, DeVries ZC, Mick R, et al. Human skin triglycerides
prevent bed bug (Cimex lectularius L.) arrestment. Sci Rep 2021;
11(1): 22906.

http://dx.doi.org/10.1038/s41598-021-01981-1 PMID: 34880281
Dellatorre G, Haddad V Jr. New pandemic, old bugs: A case of
cimicosis (Bed Bug) in a neglected elderly patient during the coro-
navirus disease quarantine. Rev Soc Bras Med Trop 2021; 54:
¢07912020.

http://dx.doi.org/10.1590/0037-8682-0791-2020 PMID: 33533822
McNeill CA, Pereira RM, Koehler PG, McNeill SA, Baldwin RW.
Behavioral responses of nymph and adult Cimex lectularius (He-
miptera: Cimicidae) to colored harborages. ] Med Entomol 2016;
53(4): 760-9.

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Current Pediatric Reviews, 2024, Vol. 20, No. 2 145

http://dx.doi.org/10.1093/jme/tjw033 PMID: 27113099

Ashbrook AR, Scharf ME, Bennett GW, Gondhalekar AD. Bed
bugs (Cimex lectularius L.) exhibit limited ability to develop heat
resistance. PLoS One 2019; 14(2): ¢0211677.
http://dx.doi.org/10.1371/journal.pone.0211677 PMID: 30731005
Wang Y, Carballo RG, Moussian B. Double cuticle barrier in two
global pests, the whitefly Trialeurodes vaporariorum and the bed-
bug Cimex lectularius. J Exp Biol 2017; 220(Pt 8): jeb.156679.
http://dx.doi.org/10.1242/jeb.156679 PMID: 28167802

Berry R III. The Behavioral response to heat in the common bed
bug, Cimex lectularius (Hemiptera: Cimicidae). J Med Entomol
2021; 58(4): 1626-37.

http://dx.doi.org/10.1093/jme/tjab020 PMID: 33704449

DeVries ZC, Saveer AM, Mick R, Schal C. Bed bug (Hemiptera:
Cimicidae) Attraction to human odors: Validation of a two-choice
olfactometer. J Med Entomol 2019; 56(2): 362-7.
http://dx.doi.org/10.1093/jme/tjy202 PMID: 30423171

Gaire S, Schal C, Mick R, DeVries Z. The role of antennae in heat
detection and feeding behavior in the bed bug (Hemiptera: Cimici-
dae). J Econ Entomol 2020; 113(6): 2858-63.
http://dx.doi.org/10.1093/jee/toaa250 PMID: 33128451

Hansen IA, Rodriguez SD, Drake LL, ef al. The odorant receptor
co-receptor from the bed bug, Cimex lectularius L. PLoS One
2014;9(11): e113692.
http://dx.doi.org/10.1371/journal.pone.0113692 PMID: 25411789
Hentley WT, Webster B, Evison SEF, Siva-Jothy MT. Bed bug
aggregation on dirty laundry: A mechanism for passive dispersal.
Sci Rep 2017; 7(1): 11668.
http://dx.doi.org/10.1038/s41598-017-11850-5 PMID: 28959030
Liu F, Liu N. Human odorant reception in the common bed bug,
Cimex lectularius. Sci Rep 2015; 5: 15558.

Zhang J, Liang Q, Xia Y, et al. Behavioral response of the tropical
bed bug, Cimex hemipterus (Hemiptera: Cimicidae) to carbon diox-
ide. J Econ Entomol 2021; 114(5): 2198-203.
http://dx.doi.org/10.1093/jee/toab159 PMID: 34410423
Paulke-Korinek M, Sz¢ll M, Laferl H, Auer H, Wenisch C. Bed
bugs can cause severe anaemia in adults. Parasitol Res 2012;
110(6): 2577-9.

http://dx.doi.org/10.1007/s00436-011-2777-6 PMID: 22190128
Reinhardt K, Isaac D, Naylor R. Estimating the feeding rate of the
bedbug Cimex lectularius in an infested room: an inexpensive
method and a case study. Med Vet Entomol 2010; 24(1): 46-54.
http://dx.doi.org/10.1111/j.1365-2915.2009.00847.x

PMID: 20377731

Delaunay P, Blanc V, Del Giudice P, ef al. Bedbugs and infectious
diseases. Clin Infect Dis 2011; 52(2): 200-10.
http://dx.doi.org/10.1093/cid/ciq102 PMID: 21288844

Goddard J, Hasenkampf N, Edwards KT, de Shazo R, Embers ME.
Bed bug saliva causes release of monocytic inflammatory media-
tors: Plausible cause of cutaneous bite reactions. Int Arch Allergy
Immunol 2013; 161(2): 127-30.
http://dx.doi.org/10.1159/000345134 PMID: 23343710

Goddard J, deShazo R. Bed bugs (Cimex lectularius) and clinical
consequences of their bites. JAMA 2009; 301(13): 1358-66.
http://dx.doi.org/10.1001/jama.2009.405 PMID: 19336711
Goddard J, Edwards KT. Effects of bed bug saliva on human skin.
JAMA Dermatol 2013; 149(3): 372-3.
http://dx.doi.org/10.1001/jamadermatol.2013.878 PMID: 23552994
Reinhardt K, Kempke D, Naylor RA, Siva-Jothy MT. Sensitivity to
bites by the bedbug, Cimex lectularius. Med Vet Entomol 2009;
23(2): 163-6.

http://dx.doi.org/10.1111/j.1365-2915.2008.00793.x

PMID: 19292820

Hawkins CN, Barankin B. Can you identify this condition? Bed-
bugs. Can Fam Physician 2010; 56(6): 553-5.

Balvin O, Sasinkova M, MartintG J, ef al. Early evidence of estab-
lishment of the tropical bedbug ( Cimex hemipterus ) in Central Eu-
rope. Med Vet Entomol 2021; 35(3): 462-7.
http://dx.doi.org/10.1111/mve.12522 PMID: 33948981

Lindsay SW, Snow RW, Armstrong JRM, Greenwood BM. Perme-
thrin-impregnated bednets reduce nuisance arthropods in Gambian
houses. Med Vet Entomol 1989; 3(4): 377-83.
http://dx.doi.org/10.1111/1.1365-2915.1989.tb00244.x

PMID: 2519687



146 Current Pediatric Reviews, 2024, Vol. 20, No. 2

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Wang C, Singh N, Zha C, Cooper R. Bed bugs: Prevalence in low-
income communities, resident’s reactions, and implementation of a
low-cost inspection protocol. ] Med Entomol 2016; 53(3): 639-46.
http://dx.doi.org/10.1093/jme/tjw018 PMID: 27049026

Sheele JM, Crandall CJ, Chang BF, Arko BL, Dunn CT, Negrete
A. Characteristics of bed bug infested patients in the emergency
department. Emerg Med Int 2019; 2019: 1-5.
http://dx.doi.org/10.1155/2019/8721829 PMID: 31210990

Vail KM, Chandler JG. Bed bug (Hemiptera: Cimicidae) detection
in low-income, high-rise apartments using four or fewer passive
monitors. J Econ Entomol 2017; 110(3): 1187-94.
http://dx.doi.org/10.1093/jee/tox053 PMID: 28369372

Benac N. Bedbug bites becoming bigger battle. CMAJ 2010;
182(15): 1606.

http://dx.doi.org/10.1503/cma;j.109-3676 PMID: 20855481

Berenji F, Moshaverinia A, Jadidoleslami A, Shamsian A, Doggett
SL, Moghaddas E. Evaluation of the common bed bug, Cimex lec-
tularius (Insecta: Hemiptera: Cimicidae) susceptibility to A-
cyhalothrin, malathion, and diazinon in Northeastern Iran. J Med
Entomol 2019; 56(4): 903-6.

http://dx.doi.org/10.1093/jme/tjz011 PMID: 30820553

Masini P, Zampetti S, Mifion Llera G, et al. Infestation by the
tropical bedbug Cimex hemipterus (Hemiptera: Cimicidae): First
report in Italy. J Eur Acad Dermatol Venereol 2020; 34(1): ¢28-30.
http://dx.doi.org/10.1111/jdv.15876 PMID: 31419365

Webb PA, Happ CM, Maupin GO, Johnson BJB, Ou CY, Monath
TP. Potential for insect transmission of HIV: Experimental expo-
sure of Cimex hemipterus and Toxorhynchites amboinensis to hu-
man immunodeficiency virus. J Infect Dis 1989; 160(6): 970-7.
http://dx.doi.org/10.1093/infdis/160.6.970 PMID: 2479697

Webb CE, Doggett SL. Can travellers avoid bed bug bites? Travel
Med Infect Dis 2012; 10(5-6): 281-2.
http://dx.doi.org/10.1016/j.tmaid.2012.08.001 PMID: 22926286
Cooper R, Wang C, Singh N. Mark-release-recapture reveals ex-
tensive movement of bed bugs (Cimex lectularius L.) within and
between apartments. PLoS One 2015; 10(9): e0136462.
http://dx.doi.org/10.1371/journal.pone.0136462 PMID: 26352145
Foulke G, Anderson B. Bed bugs. Semin Cutan Med Surg 2014;
33(3): 119-22.

http://dx.doi.org/10.12788/j.sder.0106 PMID: 25577850

Yurumez Y, Yavuz Y, Yucel M, Cetinkaya Z, Ciftci IH. Reactions
and complications to bites. Bedbug, Cimex lectularius. Neth ] Med
2016; 74(3): 142-3.

PMID: 27021001

General W, Wlodek C, Dunnill G. Bed bug bites limited to exposed
skin. J Cutan Med Surg 2017; 21(6): 551.
http://dx.doi.org/10.1177/1203475417716330 PMID: 28991496
Goddard J. Cutaneous reactions to bed bug bites. Skinmed 2014;
12(3): 141-3.

PMID: 25134309

Scarupa M, Economides A. Bedbug bites masquerading as urticar-
ia. J Allergy Clin Immunol 2006; 117(6): 1508-9.
http://dx.doi.org/10.1016/.jaci.2006.03.034 PMID: 16751024
Bernardes Filho F, Quaresma MV, Avelleira JC, Azulay DR, Az-
ulay-Abulafia L, Bastos AQ. Bed bug dermatitis, description of two
cases in Rio de Janeiro, Brazil. An Bras Dermatol 2015; 90(2):
240-3.

Orita A, Miyauchi T, Ujiie I, Ujiie H. Characteristic linear and
zigzag purpuric lesions in a patient with long-term and repeated
exposure to bedbug bites. Acta Derm Venereol 2022; 102:
adv00661.

http://dx.doi.org/10.2340/actadv.v102.753 PMID: 35199182

Stucki A, Ludwig R. Bedbug bites. N Engl J] Med 2008; 359(10):
1047.

http://dx.doi.org/10.1056/NEJMicm060268 PMID: 18768948
Ladizinski B, Cohen YK, Elpern DJ. Cimex ‘“Liketolickus”. J
Emerg Med 2014; 46(2): e61-2.
http://dx.doi.org/10.1016/j.jemermed.2013.08.059

PMID: 24126068

Peres G, Yugar LBT, Haddad V Junior. Breakfast, lunch, and din-
ner sign: A hallmark of flea and bedbug bites. An Bras Dermatol
2018.

Quach KA, Zaenglein AL. The eyelid sign: A clue to bed bug bites.
Pediatr Dermatol 2014; 31(3): 353-5.

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

o1

Leung et al.

http://dx.doi.org/10.1111/pde.12332 PMID: 24649832

deShazo RD, Feldlaufer MF, Mihm MC Jr, Goddard J. Bullous
reactions to bedbug bites reflect cutaneous vasculitis. Am J Med
2012; 125(7): 688-94.
http://dx.doi.org/10.1016/j.amjmed.2011.11.020 PMID: 22560811
Fletcher CL, Ardern-Jones MR, Hay RJ. Widespread bullous erup-
tion due to multiple bed bug bites. Clin Exp Dermatol 2002; 27(1):
74-5.

http://dx.doi.org/10.1046/j.0307-6938.2001.00967.x

PMID: 11952681

Leverkus M, Jochim RC, Schid S, et al. Bullous allergic hypersen-
sitivity to bed bug bites mediated by IgE against salivary nitro-
phorin. J Invest Dermatol 2006; 126(1): 91-6.
http://dx.doi.org/10.1038/sj.jid.5700012 PMID: 16417223

Liebold K, Schliemann-Willers S, Wollina U. Disseminated
bullous eruption with systemic reaction caused by Cimex lectulari-
us. J Eur Acad Dermatol Venereol 2003; 17(4): 461-3.
http://dx.doi.org/10.1046/j.1468-3083.2003.00778.x

PMID: 12834463

Melnick L, Samimi S, Elder D, ef al. Targetoid lesions in the emer-
gency department. Bed bug bites (Cimex lectularius) with targetoid
lesions on initial presentation. JAMA Dermatol 2013; 149(6): 751-
6.

http://dx.doi.org/10.1001/jamadermatol.2013.3314a

PMID: 23553426

Ter Poorten MC, Prose NS. The return of the common bedbug.
Pediatr Dermatol 2005; 22(3): 183-7.
http://dx.doi.org/10.1111/j.1525-1470.2005.22301.x

PMID: 15916561

Tharakaram S. Bullous eruption due to Cimex lecticularis. Clin
Exp Dermatol 1999; 24(3): 241-2.
http://dx.doi.org/10.1046/j.1365-2230.1999.00467.x

PMID: 10354190

Woloski JR, Burman D, Adebona O. Mite and bed bug infections.
Prim Care 2018; 45(3): 409-21.
http://dx.doi.org/10.1016/j.pop.2018.05.002 PMID: 30115331

Phan C, Brunet-Possenti F, Marinho E, Petit A. Systemic reactions
caused by bed bug bites. Clin Infect Dis 2016; 63(2): 284-5.
http://dx.doi.org/10.1093/cid/ciw253 PMID: 27118788

Cimolai N, Cimolai TL. Otitis from the common bedbug. J Clin
Aesthet Dermatol 2012; 5(12): 43-5.

PMID: 23277805

Jakhar D, Kaur I. Entomodermoscopy: A tool for hunting bed bug.
Indian J Dermatol Venereol Leprol 2019; 85(6): 615-6.
http://dx.doi.org/10.4103/ijdvl.IJIDVL_791 17 PMID: 30117460
Shirato T, Iwata H, Yoshimoto N, Nomura Y, Yamane N, Shimizu
H. Dermoscopy is useful for bed bug ( Cimex lectularius ) bites. J
Eur Acad Dermatol Venereol 2016; 30(3): 539-40.
http://dx.doi.org/10.1111/jdv.12938 PMID: 25600584

Masini P, Zampetti S, Moretta I, ef al. Bed bug dermatitis: detec-
tion dog as a useful survey tool for environmental research of Ci-
mex lectularius. Int J Dermatol 2017; 56(10): €204-6.
http://dx.doi.org/10.1111/ijd.13625 PMID: 28436016
Vaidyanathan R, Feldlaufer MF. Bed bug detection: Current tech-
nologies and future directions. Am J Trop Med Hyg 2013; 88(4):
619-25.

http://dx.doi.org/10.4269/ajtmh.12-0493 PMID: 23553226

Pfiester M, Koehler PG, Pereira RM. Ability of bed bug-detecting
canines to locate live bed bugs and viable bed bug eggs. J Econ En-
tomol 2008; 101(4): 1389-96.
http://dx.doi.org/10.1093/jee/101.4.1389 PMID: 18767752

Ko A, Choe DH. Development of a lateral flow test for bed bug
detection. Sci Rep 2020; 10(1): 13376.
http://dx.doi.org/10.1038/s41598-020-70200-0 PMID: 32770120
Leung AKC, Leong KF, Lam JM. Pruritic crusted scabies in an
immunocompetent infant. Case Rep Pediatr 2019; 2019: 1-4.
http://dx.doi.org/10.1155/2019/9542857 PMID: 31772809

Leung AKC, Lam JM, Leong KF. Scabies: A neglected global
disease. Curr Pediatr Rev 2020; 16(1): 33-42.
http://dx.doi.org/10.2174/187563360Tk3jMjEcTcVY

PMID: 31544694

Juckett G. Arthropod bites. Am Fam Physician 2013; 88(12): 841-
7.

PMID: 24364549



Bed Bug Infestation

[92]

[93]

[94]

(93]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Ahmed A, Affleck AG, Angus J, et al. British Association of Der-
matologists guidelines for the management of adults with delusion-
al infestation 2022. Br J Dermatol 2022; 187(4): 472-80.
http://dx.doi.org/10.1111/bjd.21668 PMID: 35582951

Aldana PC, Khachemoune A. Grover disease: Review of subtypes
with a focus on management options. Int J Dermatol 2020; 59(5):
543-50.

http://dx.doi.org/10.1111/ijd.14700 PMID: 31724740

Dickel H, Bauer A, Brehler R, ef al. German S1 guideline: Contact
dermatitis. J Dtsch Dermatol Ges 2022; 20(5): 712-34.
http://dx.doi.org/10.1111/ddg.14734 PMID: 35527339

Georgesen C, Magro C. Lymphomatoid papulosis in children and
adolescents: A clinical and histopathologic retrospective cohort.
Ann Diagn Pathol 2020; 46: 151486.
http://dx.doi.org/10.1016/j.anndiagpath.2020.151486

PMID: 32172217

Hon KL, Leung AKC, Ng WGG, Loo SK. Chronic urticaria: An
overview of treatment and recent patents. Recent Pat Inflamm Al-
lergy Drug Discov 2019; 13(1): 27-37.
http://dx.doi.org/10.2174/1872213X13666190328164931

PMID: 30924425

Hon KL, Li JTS, Leung AKC, Lee VWY. Current and emerging
pharmacotherapy for chronic spontaneous Urticaria: A focus on
non-biological therapeutics. Expert Opin Pharmacother 2021;
22(4): 497-509.

http://dx.doi.org/10.1080/14656566.2020.1829593

PMID: 32990110

Kwatra SG. Prurigo nodularis. JAMA Dermatol 2022; 158(3): 336.
http://dx.doi.org/10.1001/jamadermatol.2021.5307

PMID: 35138345

Leung AK, Szabo TF. Erythema multiforme following diphtheria-
pertussis-tetanus vaccination. Kobe J Med Sci 1987; 33(4): 121-4.
PMID: 3501037

Leung AKC, Kao CP, Sauve RS. Scarring resulting from chicken-
pox. Pediatr Dermatol 2001; 18(5): 378-80.
http://dx.doi.org/10.1046/j.1525-1470.2001.01975.x

PMID: 11737678

Leung AK, Robson WL. Picture of the month. Pityriasis lichen-
oides et varioliformis acuta. Arch Pediatr Adolesc Med 2005;
159(10): 978-9.

http://dx.doi.org/10.1001/archpedi.159.10.978 PMID: 16203944
Leung AKC, Sergi CM, Lam JM, Leong KF. Gianotti—Crosti syn-
drome (papular acrodermatitis of childhood) in the era of a viral re-
crudescence and vaccine opposition. World J Pediatr 2019; 15(6):
521-7.

http://dx.doi.org/10.1007/s12519-019-00269-9 PMID: 31134587
McClanahan D, Funk T, Small A. Sweet syndrome in the pediatric
population. Dermatol Clin 2022; 40(2): 179-90.
http://dx.doi.org/10.1016/j.det.2021.12.005 PMID: 35366971
Mirza HA, Gharbi A, Bhutta BS. Dermatitis herpetiformis. In:
StatPearls.

Fung EHC, Chiu SW, Lam HM, et al. The impact of bedbug (Ci-
mex spp.) bites on self-rated health and average hours of sleep per
day: A cross-sectional study among Hong Kong bedbug victims.
Insects 2021; 12(11): 1027.
http://dx.doi.org/10.3390/insects12111027 PMID: 34821827
Kessler SE, Chan S, Martin G. Don’t let the bedbugs bite: An unu-
sual presentation of bedbug infestation resulting in life-threatening
anemia. Cutis 2020; 105(6): E24-6.
http://dx.doi.org/10.12788/cutis.0020 PMID: 32717001

Leung AK, Chan KW. Iron deficiency anemia. Adv Pediatr 2001;
48: 385-408.

PMID: 11480764

Pritchard MJ, Hwang SW. Severe anemia from bedbugs. CMAJ
2009; 181(5): 287-8.

http://dx.doi.org/10.1503/cmaj.090482 PMID: 19720710

Ashcroft R, Seko Y, Chan LF, Dere J, Kim J, McKenzie K. The
mental health impact of bed bug infestations: A scoping review. Int
J Public Health 2015; 60(7): 827-37.
http://dx.doi.org/10.1007/s00038-015-0713-8 PMID: 26298442
Goddard J, de Shazo R. Psychological effects of bed bug attacks
(Cimex lectularius L.). Am J Med 2012; 125(1): 101-3.
http://dx.doi.org/10.1016/j.amjmed.2011.08.010 PMID: 22195533

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

Current Pediatric Reviews, 2024, Vol. 20, No. 2 147

Rieder E, Hamalian G, Maloy K, Streicker E, Sjulson L, Ying P.
Psychiatric consequences of actual versus feared and perceived bed
bug infestations: A case series examining a current epidemic. Psy-
chosomatics 2012; 53(1): 85-91.
http://dx.doi.org/10.1016/j.psym.2011.08.001 PMID: 22221725
Susser SR, Perron S, Fournier M, et al. Mental health effects from
urban bed bug infestation ( Cimex lectularius L.): A cross-sectional
study. BMJ Open 2012; 2(5): ¢000838.
http://dx.doi.org/10.1136/bmjopen-2012-000838 PMID: 23015597
Susser S, Perron S, Susser S. Suicide following an infestation of
bed bugs. Am J Case Rep 2013; 14: 176-8.
http://dx.doi.org/10.12659/AJCR.883926 PMID: 23826461
Angelakis E, Raoult D, Socolovschi C. Bartonella quintana in
Cimex hemipterus, Rwanda. Am J Trop Med Hyg 2013; 89(5):
986-7.

http://dx.doi.org/10.4269/ajtmh.13-0182 PMID: 24019440
Goddard J, Varela-Stokes A, Smith W, Edwards KT. Artificial
infection of the bed bug with Rickettsia parkeri. J] Med Entomol
2012; 49(4): 922-6.

http://dx.doi.org/10.1603/ME11282 PMID: 22897053

Leulmi H, Bitam I, Berenger JM, et al. Competence of Cimex
lectularius bed bugs for the transmission of Bartonella quintana,
the agent of trench fever. PLoS Negl Trop Dis 2015; 9(5):
€0003789.

http://dx.doi.org/10.1371/journal.pntd.0003789 PMID: 26000974
Ogston CW, Wittenstein FS, London WT, Millman L. Persistence
of hepatitis B surface antigen in the bedbug Cimex hemipterus
(Fabr.). J Infect Dis 1979; 140(3): 411-4.
http://dx.doi.org/10.1093/infdis/140.3.411 PMID: 501152

Salazar R, Castillo-Neyra R, Tustin AW, Borrini-Mayori K,
Naquira C, Levy MZ. Bed bugs (Cimex lectularius) as vectors of
Trypanosoma cruzi. Am J Trop Med Hyg 2015; 92(2): 331-5.
http://dx.doi.org/10.4269/ajtmh.14-0483 PMID: 25404068
Silverman AL, Qu LH, Blow J, Zitron IM, Gordon SC, Walker ED.
Assessment of hepatitis B virus DNA and hepatitis C virus RNA in
the common bedbug (Cimex lectularius L.) and kissing bug (Rod-
nius prolixus). Am J Gastroenterol 2001; 96(7): 2194-8.
http://dx.doi.org/10.1111/j.1572-0241.2001.03955.x

PMID: 11467652

Leung AKC, Wong BE, Chan PYH, Cho HYH. Pruritus in chil-
dren. J R Soc Promot Health 1998; 118(5): 280-6.
http://dx.doi.org/10.1177/146642409811800513 PMID: 10076688
Collado Chagoya R, Hernandez-Romero J, Velasco-Medina AA,
Velazquez-Samano G. Pilot study: specific immunotherapy in pa-
tients with papular urticaria by Cimex lectularius. Eur Ann Allergy
Clin Immunol 2022; 54(6): 258-264.
10.23822/EurAnnACIL1764-1489.215

PMID: 34523872

Cooper R, Wang C, Singh N. Effects of various interventions,
including mass trapping with passive pitfall traps, on low-level bed
bug populations in apartments. J Econ Entomol 2016; 109(2): 762-
9

http://dx.doi.org/10.1093/jee/tov337 PMID: 26637535

Rukke BA, Roligheten E, Aak A. Procurement competence and
framework agreements for upgraded bed bug control. J Econ En-
tomol 2022; 115(1): 240-9.

http://dx.doi.org/10.1093/jee/toab233 PMID: 34897482

Wang C, Eiden A, Singh N, Zha C, Wang D, Cooper R. Dynamics
of bed bug infestations in three low-income housing communities
with various bed bug management programs. Pest Manag Sci 2018;
74(6): 1302-10.

http://dx.doi.org/10.1002/ps.4830 PMID: 29243884

Rukke BA, Sivasubramaniam R, Birkemoe T, Aak A. Temperature
stress deteriorates bed bug (Cimex lectularius) populations through
decreased survival, fecundity and offspring success. PLoS One
2018; 13(3): e0193788.
http://dx.doi.org/10.1371/journal.pone.0193788 PMID: 29538429
Rukke BA, Salma U, Birkemoe T, Aak A. Blood deprivation and
heat stress increase mortality in bed bugs (CIMEX LECTULARIUS
) exposed to insect pathogenic fungi or desiccant dust. Med Vet En-
tomol 2021; 35(1): 121-8.

http://dx.doi.org/10.1111/mve.12477 PMID: 32886388



148 Current Pediatric Reviews, 2024, Vol. 20, No. 2

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

Liu YB, Haynes KF. Effects of ultralow oxygen and vacuum treat-
ments on bed bug (Heteroptera: Cimicidae) survival. J Econ Ento-
mol 2016; 109(3): 1310-6.

http://dx.doi.org/10.1093/jee/tow034 PMID: 27106228

Loudon C. Rapid killing of bed bugs ( Cimex lectularius L.) on
surfaces using heat: application to luggage. Pest Manag Sci 2017;
73(1): 64-70.

http://dx.doi.org/10.1002/ps.4409 PMID: 27477121

Pereira RM, Koehler PG, Pfiester M, Walker W. Lethal effects of
heat and use of localized heat treatment for control of bed bug in-
festations. J Econ Entomol 2009; 102(3): 1182-8.
http://dx.doi.org/10.1603/029.102.0342 PMID: 19610436

Sanford MR, Torres M, Ross J. Unexpected human fatality associ-
ated with bed bug (Hemiptera: Cimicidae) heat treatment. J Foren-
sic Sci 2019; 64(2): 622-4.
http://dx.doi.org/10.1111/1556-4029.13883 PMID: 30080943
Wang D, Wang C, Zha C. Effect of steam treatment on feeding,
mating, and fecundity of the common bed bug (Hemiptera: Cimici-
dae). J Med Entomol 2018; 55(6): 1536-41.
http://dx.doi.org/10.1093/jme/tjy113 PMID: 30010901

Wang D, Wang C, Wang G, Zha C, Eiden AL, Cooper R. Efficacy
of three different steamers for control of bed bugs ( Cimex lectular-
ius L.). Pest Manag Sci 2018; 74(9): 2030-7.
http://dx.doi.org/10.1002/ps.4933 PMID: 29656551

Soh LS, Veera Singham G. Cuticle thickening associated with
fenitrothion and imidacloprid resistance and influence of voltage-
gated sodium channel mutations on pyrethroid resistance in the
tropical bed bug, Cimex Hemipterus. Pest Manag Sci 2021; 77(11):
5202-12.

http://dx.doi.org/10.1002/ps.6561 PMID: 34272799

Wang C, Singh N, Zha C, Cooper R. Efficacy of selected insecti-
cide sprays and aerosols against the common bed bug, Cimex lectu-
larius (Hemiptera: Cimicidae). Insects 2016; 7(1): 5.
http://dx.doi.org/10.3390/insects7010005 PMID: 26840334

Bashir B, Sharma SG, Stein HD, Sirota RA, D’Agati VD. Acute
kidney injury secondary to exposure to insecticides used for bed-
bug (Cimex lectularis) control. Am J Kidney Dis 2013; 62(5): 974-
7

http://dx.doi.org/10.1053/j.ajkd.2013.04.020 PMID: 23800651
Singh H, Luni FK, Marwaha B, Ali SS, Alo M. Transient complete
heart block secondary to bed bug insecticide: A case of pyrethroid
cardiac toxicity. Cardiology 2016; 135(3): 160-3.
http://dx.doi.org/10.1159/000446574 PMID: 27344675

Dong K, Du Y, Rinkevich F, er al. Molecular biology of insect
sodium channels and pyrethroid resistance. Insect Biochem Mol
Biol 2014; 50: 1-17.

http://dx.doi.org/10.1016/j.ibmb.2014.03.012 PMID: 24704279
Soderlund DM, Knipple DC. The molecular biology of knockdown
resistance to pyrethroid insecticides. Insect Biochem Mol Biol
2003; 33(6): 563-77.
http://dx.doi.org/10.1016/S0965-1748(03)00023-7

PMID: 12770575

Soderlund DM. Pyrethroids, knockdown resistance and sodium
channels. Pest Manag Sci 2008; 64(6): 610-6.
http://dx.doi.org/10.1002/ps.1574 PMID: 18383430

Baraka GT, Nyundo BA, Thomas A, Mwang’onde BJ, Kweka EJ.
Susceptibility status of bedbugs (Hemiptera: Cimicidae) against py-
rethroid and organophosphate insecticides in Dar es Salaam, Tan-
zania. ] Med Entomol 2019; 57(2): tjz173.
http://dx.doi.org/10.1093/jme/tjz173 PMID: 31602482

Dang K, Toi CS, Lilly DG, Bu W, Doggett SL. Detection of
knockdown resistance mutations in the common bed bug, Cimex
lectularius (Hemiptera: Cimicidae), in Australia. Pest Manag Sci
2015; 71(7): 914-22.

http://dx.doi.org/10.1002/ps.3861 PMID: 25046700

Dang K, Doggett SL, Leong XY, Veera Singham G, Lee CY. Mul-
tiple mechanisms conferring broad-spectrum insecticide resistance
in the tropical bed bug (Hemiptera: Cimicidae). J Econ Entomol
2021; 114(6): 2473-84.

http://dx.doi.org/10.1093/jee/toab205 PMID: 34693975

Davies TGE, Field LM, Williamson MS. The re-emergence of the
bed bug as a nuisance pest: Implications of resistance to the pyre-
throid insecticides. Med Vet Entomol 2012; 26(3): 241-54.

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

Leung et al.

http://dx.doi.org/10.1111/j.1365-2915.2011.01006.x

PMID: 22235873

Balvin O, Booth W. Distribution and frequency of pyrethroid re-
sistance-associated mutations in host lineages of the bed bug (He-
miptera: Cimicidae) across Europe. J] Med Entomol 2018; 55(4):
923-8.

http://dx.doi.org/10.1093/jme/tjy023 PMID: 29562293

Zhu F, Wigginton J, Romero A, ef al. Widespread distribution of
knockdown resistance mutations in the bed bug, Cimex lectularius
(Hemiptera: Cimicidae), populations in the United States. Arch In-
sect Biochem Physiol 2010; 73(4): n/a.
http://dx.doi.org/10.1002/arch.20355 PMID: 20301216

Durand R, Cannet A, Berdjane Z, et al. Infestation by pyrethroids
resistant bed bugs in the suburb of Paris, France. Parasite 2012;
19(4): 381-7.

http://dx.doi.org/10.1051/parasite/2012194381

Booth W, Balvin O, Vargo EL, Vilimova J, Schal C. Host associa-
tion drives genetic divergence in the bed bug, Cimex lectularius.
Mol Ecol 2015; 24(5): 980-92.
http://dx.doi.org/10.1111/mec.13086 PMID: 25611460

Holleman JG, Robison GA, Bellovich 1J, Booth W. Knockdown
resistance-associated mutations dominate populations of the com-
mon bed bug (Hemiptera: Cimicidae) across the South Central
United States. ] Med Entomol 2019; 56(6): 1678-83.
http://dx.doi.org/10.1093/jme/tjz105 PMID: 31245823

Lewis CD, Levine BA, Vargo EL, Schal C, Booth W. Recent de-
tection of multiple populations of the tropical bed bug (Hemiptera:
Cimicidae) exhibiting kdr-associated mutations in Hawaii. J Med
Entomol 2020; 57(4): 1077-81.
http://dx.doi.org/10.1093/jme/tjaa022 PMID: 32083299

Ghavami MB, Ghahremani Z, Raeisi N, Taghiloo B. High levels of
pyrethroid resistance and super-kdr mutations in the populations of
tropical bed bug, Cimex hemipterus, in Iran. Parasit Vectors 2021;
14(1): 470.

http://dx.doi.org/10.1186/s13071-021-04962-5 PMID: 34521460
Vander Pan A, Kuhn C, Schmolz E, von Samson-Himmelstjerna G,
Kriicken J. Detection of target-site and metabolic resistance to py-
rethroids in the bed bug Cimex lectularius in Berlin, Germany. Int J
Parasitol Drugs Drug Resist 2020; 14: 274-83.
http://dx.doi.org/10.1016/j.ijpddr.2020.11.003 PMID: 33310450
Dang K, Doggett SL, Veera Singham G, Lee CY. Insecticide re-
sistance and resistance mechanisms in bed bugs, Cimex spp. (He-
miptera: Cimicidae). Parasit Vectors 2017; 10(1): 318.
http://dx.doi.org/10.1186/s13071-017-2232-3 PMID: 28662724
Lilly DG, Dang K, Webb CE, Doggett SL. Evidence for metabolic
pyrethroid resistance in the common bed bug (Hemiptera: Cimici-
dae). J Econ Entomol 2016; 109(3): 1364-8.
http://dx.doi.org/10.1093/jee/tow041 PMID: 27018436

Lilly DG, Latham SL, Webb CE, Doggett SL. Cuticle thickening in
a pyrethroid-resistant strain of the common bed bug, Cimex lectu-
larius L. (Hemiptera: Cimicidae). PLoS One 2016; 11(4):
e0153302.

http://dx.doi.org/10.1371/journal.pone.0153302 PMID: 27073871
Abbar S, Wang C, Cooper R. Evaluation of a non-chemical com-
pared to a non-chemical plus silica gel approach to bed bug man-
agement. Insects 2020; 11(7): 443.
http://dx.doi.org/10.3390/insects 11070443 PMID: 32674408
Agnew J, Romero A. Behavioral responses of the common bed
bug, Cimex lectularius, to insecticide dusts. Insects 2017; 8(3): 83.
http://dx.doi.org/10.3390/insects8030083 PMID: 28786920

Singh N, Wang C, Wang D, Cooper R, Zha C. Comparative effica-
cy of selected dust Insecticides for controlling Cimex lectularius
(Hemiptera: Cimicidae). J Econ Entomol 2016; 109(4): 1819-26.
http://dx.doi.org/10.1093/jee/tow129 PMID: 27377377

Sierras A, Schal C. Lethal and sublethal effects of ingested hydro-
prene and methoprene on development and fecundity of the com-
mon bed bug (Hemiptera: Cimicidae). J Med Entomol 2020; 57(4):
1199-206.

http://dx.doi.org/10.1093/jme/tjaa038 PMID: 32100017

Candy K, Akhoundi M, Bruel C, Izri A. Ineffectiveness of insecti-
cide bendiocarb against a Cimex lectularius (Hemiptera: Cimici-
dae) population in Paris, France. J Med Entomol 2018; 55(6):
1648-50.

http://dx.doi.org/10.1093/jme/tjy126 PMID: 32478830



Bed Bug Infestation

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

Silberman J, Taylor A. Carbamate toxicity. In: StatPearls. Treasure
Island (FL): StatPearls Publishing 2022.

Komagata O, Kasai S, Itokawa K, et a/. Common substitution
mutation F348Y of acetylcholinesterase gene contributes to organ-
ophosphate and carbamate resistance in Cimex lectularius and C.
hemipterus. Insect Biochem Mol Biol 2021; 138: 103637.
http://dx.doi.org/10.1016/j.ibmb.2021.103637 PMID: 34454015
Lehnert MP, Pereira RM, Koehler PG, Walker W, Lehnert MS.
Control of Cimex lectularius using heat combined with dichlorvos
resin strips. Med Vet Entomol 2011; 25(4): 460-4.
http://dx.doi.org/10.1111/j.1365-2915.2011.00944.x

PMID: 21332764

Pessoa GCDA, Silva DO, Rosa ACL, Andrade PH, Diotaiuti L.
Evaluation of the insecticide susceptibility profile in Cimex lectu-
larius (Hemiptera: Cimicidae) in Belo Horizonte (Brazil). Rev Soc
Bras Med Trop 2021; 54: e0707-2020.
http://dx.doi.org/10.1590/0037-8682-0707-2020 PMID: 34787287
How YF, Lee CY. Surface contact toxicity and synergism of sever-
al insecticides against different stages of the tropical bed bug, Ci-
mex hemipterus (Hemiptera: Cimicidae). Pest Manag Sci 2011;
67(6): 734-40.

http://dx.doi.org/10.1002/ps.2123 PMID: 21370390

Crawley SE, Gordon JR, Kowles KA, Potter MF, Haynes KF.
Impact of sublethal exposure to a pyrethroid-neonicotinoid insecti-
cide on mating, fecundity and development in the bed bug Cimex
lectularius L. (Hemiptera: Cimicidae). PLoS One 2017; 12(5):
¢0177410.

http://dx.doi.org/10.1371/journal.pone.0177410 PMID: 28489937
Romero A, Anderson TD. High levels of resistance in the common
bed bug, Cimex lectularius (Hemiptera: Cimicidae), to neonico-
tinoid insecticides. J] Med Entomol 2016; 53(3): 727-31.
http://dx.doi.org/10.1093/jme/tjv253 PMID: 26823499

Liu F, Xia X, Liu N. Molecular basis of N,N-diethyl-3-
methylbenzamide (DEET) in repelling the common bed bug, Cimex
lectularius. Front Physiol 2017; 8: 418.
http://dx.doi.org/10.3389/fphys.2017.00418 PMID: 28676765
Anderson JF, Ferrandino FJ, Vasil MP, Bedoukian RH, Maher M,
McKenzie K. Repellency of naturally occurring or related com-
pounds, DEET, and para-menthane-3,8-diol to bed bugs (Hemip-
tera: Cimicidae). J Med Entomol 2018; 55(3): 666-72.
http://dx.doi.org/10.1093/jme/tjx253 PMID: 29415167

Wang C, Lu L, Zhang A, Liu C. Repellency of selected chemicals
against the bed bug (Hemiptera: Cimicidae). J Econ Entomol 2013;
106(6): 2522-9.

Vassena CV, Caceres M, Santo-Orihuela PL. Pyrethroid resistance
associated with a decreased DEET repellency in the common bed
bug (Hemiptera: Cimicidae). J Econ Entomol 2019; 112(2): 997-
1000.

http://dx.doi.org/10.1093/jee/toy387 PMID: 30566684

Ashbrook AR, Scharf ME, Bennett GW, Gondhalekar AD. Detec-
tion of reduced susceptibility to chlorfenapyr- and bifenthrin-
containing products in field populations of the bed bug (Hemiptera:
Cimicidae). J Econ Entomol 2017; 110(3): 1195-202.
http://dx.doi.org/10.1093/jee/tox070 PMID: 28398497

Romero A, Potter MF, Haynes KF. Evaluation of chlorfenapyr for
control of the bed bug, Cimex lectularius L. Pest Manag Sci 2010;
66(11): 1243-8.

http://dx.doi.org/10.1002/ps.2002 PMID: 20661938

Romero A, Potter MF, Haynes KF. Behavioral responses of the bed
bug to insecticide residues. ] Med Entomol 2009; 46(1): 51-7.

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

Current Pediatric Reviews, 2024, Vol. 20, No. 2 149

http://dx.doi.org/10.1603/033.046.0107 PMID: 19198517

Moore DJ, Miller DM. Laboratory evaluations of insecticide prod-
uct efficacy for control of Cimex lectularius. ] Econ Entomol 2006;
99(6): 2080-6.

http://dx.doi.org/10.1093/jee/99.6.2080 PMID: 17195676

Hinson KR, Benson EP, Zungoli PA, Bridges WC Jr, Ellis BR. Egg
hatch rate and nymphal survival of the bed bug (Hemiptera: Cimi-
cidae) after exposure to insecticide sprays. J Econ Entomol 2016;
109(6): 2495-9.

http://dx.doi.org/10.1093/jee/tow223 PMID: 27986941

Choe DH, Campbell K. Effect of feeding status on mortality re-
sponse of adult bed bugs (Hemiptera: Cimicidae) to some insecti-
cide products. J Econ Entomol 2014; 107(3): 1206-15.
http://dx.doi.org/10.1603/EC13478 PMID: 25026684

Singh N, Wang C, Cooper R. Posttreatment feeding affects mortali-
ty of bed bugs (Hemiptera: Cimicidae) exposed to insecticides. J
Econ Entomol 2016; 109(1): 273-83.
http://dx.doi.org/10.1093/jee/tov293 PMID: 26494709

Wang C, Gibb T, Bennett GW. Evaluation of two least toxic inte-
grated pest management programs for managing bed bugs (Heter-
optera: Cimicidae) with discussion of a bed bug intercepting de-
vice. J Med Entomol 2009; 46(3): 566-71.
http://dx.doi.org/10.1603/033.046.0322 PMID: 19496428
Gonzalez-Morales MA, DeVries Z, Sierras A, Santangelo RG,
Kakumanu ML, Schal C. Resistance to fipronil in the common bed
bug (Hemiptera: Cimicidae). J] Med Entomol 2021; 58(4): 1798-
807.

http://dx.doi.org/10.1093/jme/tjab040 PMID: 33822102
Gonzalez-Morales MA, Teran M, Romero A. Behavioral responses
of the common bed bug to essential oil constituents. Insects 2021;
12(2): 184.

http://dx.doi.org/10.3390/insects12020184 PMID: 33670065

Zha C, Wang C, Li A. Toxicities of selected essential oils, silicone
oils, and paraffin oil against the common bed bug (Hemiptera:
Cimicidae). J Econ Entomol 2018; 111(1): 170-7.
http://dx.doi.org/10.1093/jee/tox285 PMID: 29220500

Gaire S, Lewis CD, Booth W, et al. Bed bugs, Cimex lectularius
L., exhibiting metabolic and target site deltamethrin resistance are
susceptible to plant essential oils. Pestic Biochem Physiol 2020;
169: 104667.

http://dx.doi.org/10.1016/j.pestbp.2020.104667 PMID: 32828373
Gaire S, Scharf M, Gondhalekar A. Synergistic toxicity interactions
between plant essential oil components against the common bed
bug (Cimex lectularius L.). Insects 2020; 11(2): 133.
http://dx.doi.org/10.3390/insects11020133 PMID: 32092969
Rehman JU, Wang M, Yang Y, et al. Toxicity of Kadsura coccinea
(Lem.) A. C. Sm. essential oil to the bed bug, Cimex lectularius L.
(Hemiptera: Cimicidae). Insects 2019; 10(6): 162.
http://dx.doi.org/10.3390/insects 10060162 PMID: 31181642

Shi X, Wang C, Simon JE, Reichert W, Wu Q. Repellency of novel
catnip oils against the bed bug (Hemiptera: Cimicidae). ] Med En-
tomol 2021; 58(2): 528-34.

http://dx.doi.org/10.1093/jme/tjaa218 PMID: 33140831

Singh N, Wang C, Cooper R. Potential of essential oil-based pesti-
cides and detergents for bed bug control. J Econ Entomol 2014;
107(6): 2163-70.

http://dx.doi.org/10.1603/EC14328 PMID: 26470082

Chalupka S. Preventing bedbug infestation. AAOHN J 2010;
58(11): 500.

http://dx.doi.org/10.1177/216507991005801107 PMID: 21053799



	Bed Bug Infestation: An Updated Review
	Abstract:
	1. INTRODUCTION
	2. ENTOMOLOGY
	Fig. (1).
	3. PATHOPHYSIOLOGY
	4. EPIDEMIOLOGY
	5. HISTOPATHOLOGY
	6. CLINICAL MANIFESTATIONS OF BED BUGBITES
	Fig. (2).
	Fig. (3).
	Fig. (4).
	Fig. (5).
	Fig. (6).
	Fig. (7).
	Fig. (8).
	Fig. (9).
	7. DIAGNOSIS
	8. DIFFERENTIAL DIAGNOSIS
	9. COMPLICATIONS
	10. MANAGEMENT OF BED BUG BITES
	11. ERADICATION OF INFESTATION
	12. PREVENTION
	13. PROGNOSIS
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES

