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Bed bug infestation rate has gone through an unforeseen increase in the past decades worldwide. Their resurgence
is a consequence of numerous factors, including growing population density, increased international travel and the
spread of insecticide resistance. Bed bug infestation is often revealed by skin symptoms appearing after their bite in
sensitive patients. Medical professionals encountering patients with bed bug bites have responsibility for recognizing
the condition and for instructing patients about the necessary measures for eradication. Setting the correct diagnosis,
however, is not unequivocal as several skin diseases with autoimmune, immune-mediated aetiology or other arthropod
stings and bites may present with similar symptoms. In this review we provide a differential diagnostic guide and an
atlas of clinical pictures assigned to the diagnoses. We highlight those dermatological findings where the possibility
of bed bug bite arises and identify key elements that help in the differentiation so as to avoid unnecessary diagnostic

tests and force early start of extermination.
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Introduction

Patients usually visit their general practitioner’s office
first when they experience a sudden appearance of macu-
lopapular skin lesions. These cases are often referred to der-
matologists, where bed bug bite is among the possibly es-
tablished diagnoses. Recently, an emerging number of bed
bug infestations and difficulties with their eradication have
been reported [1, 2]. The broad range of possible differential
diagnostic options and the frustration of patients affected
prompted us to summarize our own experiences and review
the literature with special attention to differential diagnosis.

Bed bugs are 5-8 mm reddish-brown arthropods, vis-
ible to the naked eye [3, 4]. They tend to avoid light and
hide in warm and dark places such as mattresses, box
springs, carpets, behind headboards, wallpapers and
little cracks in walls. Indirect visible signs such as cast
skin, faecal specks and blood spots on bedclothes may
prove helpful in their detection [5, 6]. Bed bugs only for-
age during the night and it is the easiest to find them

during their peak mealtime around 3 am. Exposed skin
such as the face, neck, and extremities are the most
common sites for bites. Characteristically, three distinct
small round bite marks located a few centimetres apart
and arranged in a linear or triangular fashion can be ob-
served. This pattern is referred to as “breakfast, lunch,
and dinner” sign [7]. Mature bed bugs can stay alive for
12 months without feeding. Such resilience can, in part,
explain their widespread incidence around the world [6].

Epidemiology

Contrary to common belief, the battle of coexis-
tence between humans and beg bugs has been ongo-
ing for centuries. From the ancient Greek scripts of
Aristophanes, the Latin Horace to the Jewish Talmud,
this opportunist appears in various texts [8]. Even the
term “bed bug” (Cimex lectularius) originates from the
ancient Rome. In Latin, cimex means insect, while lect-
ularius refers to a bed [6]. Moreover, surveys from the
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early 20" century revealed that bed bugs had infested
approximately 30% of the apartments in the major cities
of the United States [9]. Urban prevalence in Europe was
also peaking in the 1930s, affecting about one-third of
the living quarters [10]. It was not until World War Il that
the investments on research and development of effec-
tive pesticides reduced this number near to zero [11, 12].
However, to everyone’s surprise, by the turn of the mil-
lennium, bed bugs started to re-invade homes of many
residents, and this insidious resurge caught the attention
of public and health authorities at a much later time than
one would anticipate [1, 2, 5, 13]. Moreover, current bed-
bug epidemic is a serious healthcare problem not just in
the developing countries but also in North America [11,
14], Europe [1], and Australia [15]. For instance, only in
Australia, a 4,500% increase in infestations was observed
between 2000 and 2006 [16].

Presumable causes for this significant rise in the
incidence are the substantial increase in international
travel, intercontinental migration, changes in pesticide
control management, and development of pesticide re-
sistance [17-21]. Among other predisposing risk factors,
we should highlight urbanization, congested cities and
low-income housing communities as the most common
ones [22]. Person-to-person transmission is rare, but bed
bugs can migrate through water pipes, walls and infest
the neighbouring building or apartment [17]. Despite the
lack of registries, England was one of the first countries
to raise the concern of a possible bed bug epidemic out-
break with a letter addressed to the editor of the British
Medical Journal in 2000 [2]. In France, a new initiative
was started in 2009 to inform and educate the public
and health care professionals about the identification of
bed bug infestations, how to recognize bites and also to
develop effective monitoring and control strategies [1].
Around the same time, a bed bug summit was held in
the United States [23], where the current infestation rate
is about 10% [24].

Raising awareness of family doctors, dermatologists,
emergency workers, paediatricians and nurses who are
at the forefront in the diagnosis is of uppermost impor-
tance. Their role is also critical not only in reducing un-
warranted social stigma but also in guiding the patient
regarding the eradication process and the avoidance of
reinfection.

Clinical findings

The bite itself is painless, the wheal that the bite in-
duces lasts only for 3-15 min. Besides the irritating-toxic
reaction, immune-mediated symptoms may appear in
most people provoked by the proteins in the saliva of
bed bugs [25, 26]. The various clinical presentation is
greatly depending on the affected individuals and previ-
ous exposures [17, 27]. Bed bug bite-naive patients usu-
ally show no skin reaction after the first exposure, thus
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the infestation may remain undetected. A re-infestation
leads to skin symptoms appear after 6-11 days in sensi-
tized patients. Additional encounters provoke symptoms
that appear with a decreased latency of 2-3 days, then
only hours, thus making skin signs being noticed in the
next morning [28]. The incidence of immune-mediated
hypersensitivity is variable, asymptomatic infestation —
insensitivity — is estimated to range at 4.2-25% [28]. Ac-
cording to a survey among infested dwelling inhabitants
in the USA, more females react to bites than males, and
an elderly age is a protective factor as significantly more
individuals showed no allergic bite reaction in those over
the age of 65, compared to people aged 11 to 65 (42%
vs. 26%). Mosquito bite sensitivity also correlated with
reactivity to bed bug bites [29].

There have been several attempts to categorize bed
bug bite reactions, which can be either cutaneous or
systemic reactions. Cutaneous symptoms may be — ac-
cording to their frequency — usual, common and com-
plex. A usual symptom refers to a small punctum without
any reaction, whereas common symptoms are 2-5 mm
pruritic, maculopapular lesions [17]. These lesions do not
fade upon pressure, the central puncture mark —that can
be haemorrhagic — is surrounded by an erythematous
border. The rash is not confluent, nor are there areas of
weeping or sloughing [5, 6, 30]. Complex symptoms are
wheals, papular urticaria and blisters that long extend
the bite mark [17, 19, 31-36). Papular urticaria is consid-
ered to be a hypersensitivity reaction characteristic in
atopic children, provoked by immunoglobulin (Ig) G an-
tibodies, usually disappearing within hours, but some-
times also persisting for days [5, 6, 37]. A few case reports
have described bullous, type 3 hypersensitivity to a bed
bug bite [25, 27, 28], however, another study claims that
it is found in 6% of the patients [34]. These reactions
are extremely pruritic, may be haemorrhagic and may
be associated with lymphangitis [19, 38]. Some of these
reactions are delayed up to a week or even more [39].
Moreover, it is not uncommon that superinfections de-
velop, especially in case of intense pruritus.

There are only singular cases on systemic reactions
such as asthma, angioedema and hypertension, general-
ized urticaria and anaphylaxis [17, 38]. These can appear
without the development of previous skin symptoms, as
presented by one report [40].

Diagnosis

Diagnosis is made upon physical examination and his-
tory of possible exposure. Blood drops, faecal smears on bed
linen, under the mattresses or noticing the bug itself can
confirm the suspicion. Clinical appearance with the often
linear orientation and medical history are usually enough
to make a proper diagnosis [19]. Anamnestic data like liv-
ing in a workers’ hostel, nursing home or shelters, being
on a vacation, buying new or used wooden made furniture
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raises the attention to possible bed bug bite. Affected family
members also confirm the suspicion, however, according to
our observation, negative family anamnesis is quite usual,
as bed bugs often attack only one person.

In some compound cases, additional examinations
are necessary to figure out the diagnosis. Immunological
tests can prove to be helpful in the diagnosis of certain
ambiguous cases. Prick testing with the bed bugs’ sali-
vary gland solution is an effective, rapid and safe method
to demonstrate both immediate and late-phase reac-
tions, but is generally not available [40]. Serum specific
IgE antibody levels against nitrophorin can also be ele-
vated. Serological analysis, however, does not necessarily
reveal systemic infection or the presence of specific IgG
autoantibodies in bullous cases [25]. There is no specific
sign of the bed bug bites on a histology section, although
it can come handy in excluding other diseases [27].

Differential diagnosis

As the clinical manifestation of bed bug bites shows
a wide variety, these reactions often lead to diagnostic

confusion [34]. We sought out to organize occurring der-
matologic diseases that may resemble bed bug bites and
to give substantive and dense information on possible
similarities and differences for guidance in recognition
of the underlying condition. We do not tempt to give
a full diagnostic algorithm for the highlighted diseases
as this would go beyond the scope of this article and we
propose orientating clinicians between the skin condi-
tions with distinct aetiology. Other arthropod stings
or bites certainly arise as differential options (Table 1).
Moreover, ectoparasitic arthropod infestations also have
to be incurred (Table 1). Furthermore, immune-mediated
and autoimmune diseases comprise a large group of
dermatologic conditions that could manifest with simi-
lar symptoms (Table 2). Last, but not least, infections and
psychodermatological diseases may also mimic bed bug
bites (Table 1). We summarize how they share similarities
and what the significant differences are in Tables 1 and 2,
supplemented with clinical image pairs (Figures 1 and 2),
where we show the wide variation of bed bug bites and
how these with the aforementioned skin conditions can
mimic each other. Clinical photographs were captured

Table 1. Similarities and differences in the clinical appearance of stinging and biting arthropods, ectoparasites or other

dermatological diseases and bed bug bites

Diagnosis Similarities

Differences

Stinging and biting arthropods:

Honeybee, wasp sting [49]
a central punctum

Painful and/or pruritic wheal, flare with

Single lesion. Immediate reaction, systemic reactions are
not rare. Patients are aware of the bite

Spider bite [50]
papule with a central punctum

Painful and/or pruritic wheal, flare or

Single or few lesions with 1-2 new lesions per day.
Diameter is between 1-40 cm

Ectoparasites:

Tick [51] Erythematous papule with a central Single lesion without itch. Report about being in the nature.
punctum Ticks may remain attached to the skin for a longer time

Body lice [52] Multiple erythematous papules, Symptoms under clothing. Diameter of the lesions is
excoriation 3-5 mm. Lice and their eggs are visible

Flea [52] Multiple bites on the extremities and Presence of animals. Diameter of the lesion is maximum
trunk. Can occur in a linear pattern 5-10 mm

Scabies [53] Pruritic erythematous papules in Diameter of the lesion is 3-5 mm. Symptoms appear after

predilection sites — interdigital, sacral,
genital area, wrists

3-6 weeks. Itch during night. Different predilection areas

Other diseases:

Bullous erysipelas [54]

Bullae with serous or haemorrhagic
fluid. Unilateral distribution is possible.
Limbs affected

Only one limb, always unilateral. Fever is present. Extensive
erythema, flame-pattern. Confluent bullae

Delusions of parasitosis
(Ekbom syndrome) [55]

Erythematous papules. Severe pruritus,
excoriations

Centre of the back and face is spared. Psychiatric
anamnesis. Feel of constant biting, crawling. Patients tend
to “remove the pathogens” and are convinced about having
an infestation

Herpes zoster [56]

Painful vesicles with erythematous
base, rarely linear arrangement

Unilateral grouped vesicles following a dermatome, except
for the disseminated form

Reactive perforating
collagenosis [57]

Erythematous papule with central
erosion, usually pruritic. Appears on
limbs

Acquired form with diabetes or chronic renal failure.
Lesions may be a response to superficial trauma, scratching
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Table 2. Similarities and differences in the clinical appearance of autoimmune or immune-mediated dermatological
diseases and bed bug bites

Diagnosis

Similarities

Differences

Autoimmune/immune-mediated diseases:

Allergic contact
dermatitis [58]

Papules, vesicles or bullae, with erythematous
base and distinct border. Severe itching

Vesicles tend to coalesce. Patients may report the
causative agent

Bullous pemphigoid [5]

Tense bullae with erythematous base, severe itching.

Limbs and the trunk region are mostly affected

Elderly people are affected. Symmetrical. Affects
flexural areas of the limbs and also mucosa

Dermatitis
herpetiformis [59]

Papules, vesicles on the extensor surfaces of the
thighs, elbows, buttocks. Extensive itching

Symmetrical appearance, long-term history.
Associated with intestinal symptoms in 20%

Erythema multiforme
(60]

Erythematous-blanche “targetoid” lesions on
elbows, palms and knees. Blisters can occur

Symmetrical. Pain and mucosal involvement can
occur. HSV infection or drug intake often precede
symptoms

Linear IgA dermatosis
[61]

Tense vesicles and bullae, erythematous base

Annular distribution. Mucous membrane
involvement can occur

Lymphomatoid
papulosis [62]

Erythematous/red-brown papulonodules. Central
ulcerations can occur. Limbs and trunk region

Single or few lesions. Chronic recurrent. Often
leaves residual scarring

Papulovesicular
polymorphous light
eruption [63]

Erythematous blisters, papules. Itching can occur

Monomorphic lesions in a given patient. Eruptions
after sunlight-exposure, on sun-exposed areas

Phytophotodermatitis
[64]

Blisters, plaques in a linear distribution affecting
the distal part of extremities

After outdoor activity. Continuous lines, not solitary
papules in linear pattern

Pityriasis lichenoides
chronica [65]

Erythematous papules, nodules. Limbs and trunks
are commonly affected sites

Prominent scaling, shiny surface. Lesions are at
different stages of development. Long-term history

Pityriasis lichenoides et
varioliformis acuta [66]

Erythematous papules, vesicles. May be pruritic.
Central haemorrhage mimics the punctum. The
trunk and limbs are mostly affected

Scaling, lesions at different stages. Affects flexural
sites of extremities. Linear pattern is missing

Prurigo nodularis [67]

Excoriated erythematous papules, nodules, severe
itching. Affects extensor surface of limbs

Symmetrical. The central back is spared. Long-term
history, slow development

Pruritic urticarial
papules and plaques
of pregnancy [68]

Pruritic, erythematous wheals, papules, plaques,
seropapules. Linear arrangement

Linearity follows striae with periumbilical sparing.
Proximal region of the limbs is affected. Onset in
the third trimester of pregnancy

Sweet-syndrome [69]

Erythematous to purple, tender papules, plaques,
blisters. Limbs, neck and upper back region

Fever, neutrophilia is present. May involve mucosa
and other organs. Onset after infection, drug intake
or chronic illness

Toxicoderma [70]

Wheals, maculopapules, blisters. Itching can occur

Drug intake in history, time lapse from drug intake
is 1-21 days. Lesions tend to coalesce, head-to-toe
change in distribution

Urticaria [71]

Multiple hives, intensely itching

Vary in size and shape. Changing location in
maximum 48 h. Appear anywhere on the body

Urticaria vasculitis [71]

Erythematous hives, central palpable purpura.
Lesions last over 48 h

Vary in size and shape. Residual central
hyperpigmentation. Pattern is not linear

by the authors or selected from the clinical photography
database of our department following patient’s consent.

Treatment and eradication

Most skin signs spontaneously regress within 3—
10 days [19]. Only symptomatic treatment is available
without standard guidelines. The pruritus may be alle-
viated with over-the-counter topical products (pramox-
ine, doxepin) or systemic antihistamine (desloratadine,
bilastine) treatment. Topical corticosteroids (triamcino-
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lone, mometasone) are a good combination with the
previous ones due to dual effect. Superinfection should
be treated with topical mupirocin or systemic antibiotics
and systemic reactions should be managed according to
the symptoms. Individuals with extensive and/or bullous
reactions may require oral corticosteroids [17, 27].

The crucial and yet most challenging step is the eradi-
cation of bed bugs from the host environment. Nowadays,
commercially available products and specialised companies
are engaged in eradication. Integrated pest management
is the most effective approach in multi-dwelling settings to
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Figure 1. Clinical images corresponding to Table 1. A1 — Honeybee sting. B1 - Spider bite. C1 - Tick. D1 — Body lice. E1 - Flea.
F1 — Scabies. G1 - Bullous Erysipelas. H1 — Delusions of parasitosis (Ekbom syndrome). 11 — Herpes zooster. J1 — Reactive
perforating collagenosis. A2-J2 — Bed bug bite reactions.

eliminate bed bugs [41]. Until this is reached, it is advisable
to repel them with 5% permethrin cream or 40% diethy!-
toluamide (DEET) applied to the skin [42]. In 2016, an Amer-
ican eradication protocol was also established to provide
stepwise guide [22]. Other European, American and Austra-
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lian guidelines are also available addressing both military,
industrial and healthcare professionals [29, 43-45].

If the infestation is not extensive, a physical meth-
od solely can be a proper choice. As a room treatment,
vacuuming, steam, dry ice or heat treatment are the
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Flgure 2. Clmlcal images corresponding to Table 2. Al — Allergic contact dermatitis. B1 — Bullous pemphigoid. C1 — Der-
matitis herpetiformis. D1 — Erythema multiforme. E1 — Linear IgA Dermatosis. F1 — Lymphomatoid papulosis. G1 — Papu-
lovesicular polymorphous light eruption. H1 — Phytophotodermatitis. 11 — Pityriasis lichenoides chronica. J1 — Pityria-
sis lichenoides et varioliformis acuta. K1 — Prurigo nodularis. L1 — Pruritic urticarial papules and plaques of pregnancy.
M1 - Sweet-syndrome. N1 — Toxicoderma. O1 — Urticaria. P1 — Urticaria vasculitis. A2-P2 — Bed bug bite reactions

Advances in Dermatology and Allergology 2, April/2021 189
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Figure 2. Cont.

options to be followed, while movable item disinfesta-
tion should be made by laundry, tumble drying, portable
heating units, freezing or with oxygen removal. To control
extensive or well-established bed bug infestation, the ap-
plication of chemical methods is necessary [19], although
emerging resistance makes professional pest control
companies use pesticides as pyrethroids and carbamates
in synergist combination and in different formulations for
effective extermination [18, 19].

Avoiding exposure as prevention remains thus the best
treatment. If buying furniture or travelling, check for signs
of infestation. Move the bed away from the walls and keep
blankets from touching the floor. In the case of an infested
area, inspect the luggage before departure [19].

Discussion

The cost of eradication, the absence from work in
severe cases raises the question with public health
significance. Mental health impact of bed bugs is also
discussed in the literature, these consequences can be
serious, but their relation is poorly understood. A case
report presents suicide upon uncontrolled infestation.
Even though the subject there had an underlying psy-
chiatric illness, unsuccessful eradication with triggering
phobia and amplifying mental symptoms ultimately led
to life determination [46]. Susser et al. assessed anxi-
ety and sleep disturbance in bed bug exposed tenants,
compared to controls and found a significant associa-
tion of these symptoms measured with validated crite-
ria with exposure [47]. A survey conducted in dwellings
with confirmed infestation reported sleep disturbance,
insomnia, nervousness and distress in 20-29% of people
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affected [29]. According to a literature review, more than
half of the articles mention psychological associations.
Most of the articles claim that chronic infestation could
provoke anxiety, phobia, PTSD, depression and psycho-
sis [48]. Chronic infestation was also claimed to have
consequences as diarrhoea and iron deficiency anae-
mia [6]. Social stigma and socio-occupational dysfunc-
tion has an inherent adverse impact on patients’ lives,
as many consider infestation as a consequence of poor
hygiene, which together with the prominent symptoms
lead to isolation and absence from work. The high cost
of extermination, replacement of furnishing articles and
re-clothing further aggravate its economic impact [48].
Eradication is indeed expensive, in the USA it amounts
from USD 800 to USD 1,200 for one single dwelling [18].
There are no statistical data so far on the cost of un-
necessary medical diagnostic tests that are requested
before the proper diagnosis is established, but this must
also be significant. We here aimed to give a synopsis of
bed bug bites from the clinician’s view with a particular
emphasis on potential differential diagnostic options to
raise awareness to bed bug infestation and provide as-
sistance for medical practitioners to facilitate early diag-
nosis and treatment.
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