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A B S T R A C T

Bed bugs are common urban pests. Unlike many other blood-feeding human ectoparasites, bed bugs are not
known to be vectors of human infectious diseases, but clinical and epidemiological studies to directly interrogate
this link have been limited. Here, we aimed to determine whether bed bugs were associated with infectious
diseases in a set of infested patients presenting to emergency departments (ED) in the greater Cleveland, OH area.
We performed a retrospective case-control study involving 332 ED patients with bed bugs and 4,952 control
patients, seen from February 1, 2011, through February 1, 2017. Cases and controls were matched by age, sex,
and the presenting ED. Additionally, data were adjusted for �20 sociodemographic variables, triage data, and
comorbidities in multivariable regression analyses. Seventeen laboratory values, ten different ED and inpatient
diagnoses, chest radiographs, infectious disease consults, and blood cultures were examined. The odds of bed bug
infestation were significantly higher for patients that had positive blood cultures, had blood cultures growing
coagulase-negative Staphylococcus, were diagnosed with pneumonia, were diagnosed with cellulitis, received an
infectious disease consult, received a chest radiograph, and had higher percentages of eosinophils in the blood (P
< .05 for all). Additional investigations are needed to determine whether bed bugs directly contribute to disease
by transmitting causative agents, whether bed bug exposure contributes secondarily contributes to infections, or
whether these associations are better explained by other environmental and social determinants of health.
1. Introduction

The common bed bug, Cimex lectularius L., is an obligate blood-
feeding ectoparasite that preferentially feeds on humans [1]. These in-
sects have a cosmopolitan distribution, and infestations increasingly
affect individuals of all socioeconomic backgrounds across urban envi-
ronments [2, 3]. Bed bugs are associated with rashes (cimicosis), anemia,
mental health disturbances, and rarely systemic allergic reactions [1, 4,
5, 6]. Associations between bed bugs and infectious diseases are less clear
[7, 8, 9, 10, 11].

The ability of bed bugs to directly transmit human pathogenic mi-
crobes has been the subject of contentious debate, but the insects have
not been shown to be vectors of infectious agents despite a lack of well-
designed clinical investigations [7, 8, 9, 10, 11, 12]. Research to date has
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focused almost exclusively on the entomologic aspects of disease trans-
mission. For example, multiple studies have tested the ability of bed bugs
to transmit pathogenic agents in controlled laboratory settings, and bed
bugs from the field have been screened for human pathogens [13, 14, 15,
16, 17, 18, 19]. A subset of these studies has yielded clinically significant
results. Several human pathogenic microbes have been detected in bed
bugs, including methicillin-resistant Staphylococcus aureus (MRSA), Bar-
tonella quintana, Burkholderia multivorans, and hepatitis C virus [13, 14,
15, 16]. Further, the biological capacity to transmit microbes such as
B. quintana, Trypanosoma cruzi, and Borrelia recurrentis has been shown in
a laboratory setting [17, 18, 19]. However, the transmission of infectious
agents from bed bugs to humans has never been demonstrated.

Given the prevalence of bed bugs, achieving a comprehensive un-
derstanding of the medical impacts of infestations is crucial to public
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Table 1. Blood test results for patients with and without bed bugs.

Test Multivariable Analysisa

bOR (95% CI) P Value

White blood cell count, �109/L .98 (.95–1.01) >.99

Immature granulocyte count, �109/L .12 (.007–2.19) >.99

Neutrophil count, �109/L .93 (.81–1.06) >.99

Segmented neutrophil, �109/L .96 (.86–1.07) >.99

Eosinophil count, �109/L 2.22 (1.20–4.10) .17

Eosinophils, % 1.12 (1.04–1.19) .017

Basophil count, �109/L 2.38 (.03–180.03) >.99

Monocyte count, �109/L 1.07 (.81–1.42) >.99

Lymphocyte count, �109/L 1.06 (.99–1.14) >.99

Erythrocyte sedimentation rate, mm/h .97 (.92–1.03) >.99

C-reactive protein, serum, mg/L 1.33 (.97–1.82) >.99

Sodium, mEq/L 1.00 (.97–1.04) >.99

Alanine aminotransferase, U/L 1.00 (.99–1.00) >.99

Aspartate transaminase, U/L 1.00 (1.00–1.00) >.99

Total bilirubin, mg/dL .94 (.77–1.16) >.99

Creatinine, mg/dL 1.03 (.95–1.12) >.99

Blood cultures obtained 1.20 (.83–1.74) >.99

Abbreviations: %, percent; mm/h, mEq/L, milliequivalents per liter; mg/dL,
milligrams per deciliter; mg/L, milligrams per liter; mm/h, millimeters per hour;
U/L, units per liter.

a Multivariable analysis adjusted for race (Black vs non-Black), emergency
severity index (ESI), location before ED arrival (home vs nursing or rehabilitation
facility vs physician office, clinic, surgery center, or inpatient elsewhere), ED
disposition (admit/observation vs discharged, transferred, left against medical
advice, or left without being seen), temperature, peripheral capillary oxygen
saturation, respiratory rate, heart rate, mean arterial pressure, method of arrival
(emergency medical service/police vs public transportation, walked, other vs
private vehicle), body mass index (BMI), marital status (married/life partner vs
single vs widowed, separated, divorced), health insurance (Medicaid, Medicare,
private, or none/unknown), documented primary care physician (yes or no), ED
triage screen for homicidal thoughts, suicidal ideation, or depression (yes to any
vs no to all questions asked), tobacco use identified in triage or as an ED or
inpatient diagnosis, hemoglobin (grams/deciliter), white blood cell count
(�109/L), serum glucose (mg/dL), serum creatinine (mg/dL), and serum bicar-
bonate (mEq/L).

b Odds ratios for bed bug infestation presented for a 1-unit increase in the test
variable.

J.M. Sheele et al. Heliyon 7 (2021) e08107
health. A critical knowledge gap is that no published studies have
examined the prevalence of infectious diseases among individuals with
bed bug infestations. Such research is needed to interrogate possible links
between bed bugs and infectious diseases more directly and has been
encouraged by the US Centers for Disease Control and Prevention and US
Environmental Protection Agency [20]. Indeed, case-control studies of
human subjects have previously helped illuminate novel infectious risks
associated with arthropods [e.g., the implication of insects in trans-
mission of the agent of Buruli ulcer, [21, 22].

To further investigate whether bed bugs may be associated with any
infectious diseases, we conducted a pilot case-control study to identify
differences among urban emergency department (ED) patients with or
without bed bugs in terms of laboratory findings and infectious disease
diagnoses.

2. Materials and methods

After receiving institutional review board approval from University
Hospitals Cleveland Medical Center (UHCMC), we conducted a retro-
spective chart review. Informed consent was waived for patients autho-
rizing the use of their health records for research. Analyses examining
allergic reactions, anemia, and mental health in the patient sets used in
this study have been published previously [23, 24, 25].

2.1. Study population

Data were obtained from adult patients (age �18 years) who pre-
sented to 9 University Hospitals (UH) hospitals and freestanding emer-
gency departments (EDs) located throughout the greater Cleveland-
Akron, OH area from February 1, 2011, through February 1, 2017. UH
EDs are located in a region of the United States with one of the highest
rates of bed bug infestation and this is the site of several clinical studies of
human subjects with bed bug infestation [3, 23, 24, 25]. There is no
International Classification of Diseases code specific for bed bugs. Potential
bed bug cases were identified by searching patient records for the key-
words “bedbug,” “bed bug,” “Cimex,” or “lectularius.” A study investi-
gator reviewed the clinical encounters and identified 332 patients with
bed bugs based on previously described criteria [23, 24, 25]. Patients
were included if they: 1) had a bed bug identified on them during the
clinical encounter (most common), 2) self-reported having a bed bug
infestation, or 3) had clinical suspicion of a bed bug infestation (e.g.,
based on EMS or ED staff reporting bed bugs without being able to
capture one for identification). To maximize study power, patients with
bed bugs were matched 1:15 to control patients with no documented
history of bed bugs. Controls were matched based on age (�1 year at the
time of the ED visit), sex, and the presenting ED location. Only the first
ED visit in which a bed bug was identified was included in the data set for
all cases. Patients who died in the ED were excluded from the analysis,
though no deaths occurred in the bed bug infested patient group.

Only the first recorded set of ED vital signs and laboratory tests was
obtained for each patient. We included only the results of ED cultures
obtained in the ED, but we included consultations with infectious disease
and dermatology specialists that occurred while patients were in the ED
or were inpatients. Diagnoses established while patients were in the ED
or inpatients were both included to capture a maximal number of di-
agnoses. These were provided in text format in the data set and were
explored with keyword searches in Excel spreadsheet software (Microsoft
Corp). Missing and erroneous laboratory data were not included in the
final analysis.

2.2. Statistical analysis

The primary analyses consisted of multivariable logistic regression
models to evaluate associations between patients with and without bed
bugs (outcome) and selected primary predictors of interest (e.g., labo-
ratory values, diagnoses, blood cultures), including the following
2

adjustment variables: all available sociodemographic variables and triage
data along with pertinent patient comorbidities which had <20%
missing data. Each model included a single primary predictor (repre-
sented by the rows of Tables 1, 2, 3, and 4), along with the set of
adjustment variables (provided as table footnote). All odds ratios (ORs)
and 95% CIs were estimated. Reported P-values were two-sided and were
adjusted for multiple comparisons (Bonferroni adjustment: adjusted P-
value ¼ raw p-value * # of statistical tests presented in table) and P <

0.05 was used as the threshold for statistical significance. Multiple un-
adjusted (univariable) analyses were also conducted to explore associa-
tions in our dataset and are reported in Supplementary Tables 1–2. For
these analyses, the continuous variables were summarized as mean and
standard deviation. Categorical variables were summarized as frequency
(percentage). Analyses were performed using JMP Pro 14 (SAS Institute
Inc).

3. Results

3.1. Patient characteristics

Patient characteristics and triage data for the 332 patients with bed
bugs and 4,952 controls are summarized in Supplementary Tables 1–2. In



Table 2. Chest radiographs and infectious disease consults for patients with and
without bed bugs.

Test Multivariable Analysisa

bOR (95% CI) P Value

Chest radiograph, No. (%) 1.52 (1.06–2.18) .04

Infectious disease consult in the ED or inpatient, No. (%) 2.00 (1.14–3.53) .04

a Multivariable analysis adjusted for race (Black vs non-Black), emergency
severity index (ESI), location before ED arrival (home vs nursing or rehabilitation
facility vs physician office, clinic, surgery center, or inpatient elsewhere), ED
disposition (admit/observation vs discharged, transferred, left against medical
advice, or left without being seen), temperature, peripheral capillary oxygen
saturation, respiratory rate, heart rate, mean arterial pressure, method of arrival
(emergency medical service/police vs public transportation, walked, other vs
private vehicle), body mass index (BMI), marital status (married/life partner vs
single vs widowed, separated, divorced), health insurance (Medicaid, Medicare,
private, or none/unknown), documented primary care physician (yes or no), ED
triage screen for homicidal thoughts, suicidal ideation, or depression (yes to any
vs no to all questions asked), tobacco use identified in triage or as an ED or
inpatient diagnosis, hemoglobin (grams/deciliter), white blood cell count
(�109/L), serum glucose (mg/dL), serum creatinine (mg/dL), serum bicarbonate
(mEq/L), an ED or inpatient diagnosis of cognitive impairment (with the words:
dementia, Alzheimer's, cognitive impairment, intellectual disability, or Down's syn-
drome), and a past or current diagnosis of human immunodeficiency virus (HIV)
(yes or no/not documented).

b Odds ratios for bed bug infestation presented for those with vs without
radiograph or consult.

Table 3. ED-only and EDþ Inpatient diagnoses for patients with and without bed
bugs.

Diagnosis Multivariable Analysisa

bOR (95% CI) P Value

ED-Only Diagnoses

Pneumonia 1.91 (1.02–3.57) .12

Cellulitis 3.02 (1.53–5.96) .003

Sepsis 1.74 (.89–3.41) .33

ED þ Inpatient Diagnoses

Pneumonia 1.89 (1.23–2.90) .04

Bronchitis 1.40 (.71–2.75) >.99

Cellulitis 3.47 (2.15–5.59) .01

Abscess 1.37 (.73–2.57) >.99

Sepsis 1.31 (.84–2.05) >.99

Meningitis 1.67 (.18–15.22) >.99

Hepatitis 1.01 (.41–2.51) >.99

Endocarditis 1.61 (.16–15.85) >.99

Bacteremia 2.46 (1.19–5.08) .2

Bacteremia risk factorsc .93 (.61–1.40) >.99

Abbreviations: CI, confidence intervals; ED, emergency department; OR, odds
ratio.

a Multivariable analysis adjusted for race (Black vs non-Black), emergency
severity index (ESI), location before ED arrival (home vs nursing or rehabilitation
facility vs physician office, clinic, surgery center, or inpatient elsewhere), ED
disposition (admit/observation vs discharged, transferred, left against medical
advice, or left without being seen), temperature, peripheral capillary oxygen
saturation, respiratory rate, heart rate, mean arterial pressure, method of arrival
(emergency medical service/police vs public transportation, walked, other vs
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the cohort, 3,609 (68.3%) of patients were aged 55 years or older, 3,017
(57.1%) were women, and 2,980 (56.4%) were Black.
private vehicle), body mass index (BMI), marital status (married/life partner vs
single vs widowed, separated, divorced), health insurance (Medicaid, Medicare,
private, or none/unknown), documented primary care physician (yes or no), ED
triage screen for homicidal thoughts, suicidal ideation, or depression (yes to any
vs no to all questions asked), an ED or inpatient diagnosis of illicit drug use (with
the words: polysubstance, substance abuse, cocaine, heroin, marijuana, metham-
phetamine, PCP, phencyclidine, cannabis, or inhalant-use disorder), tobacco use
identified in triage or as an ED or inpatient diagnosis, a past or current diagnosis
of dialysis, an ED or inpatient diagnosis of cognitive impairment (with the words:
dementia, Alzheimer's, cognitive impairment, intellectual disability, or Down's syn-
drome), and a past or current diagnosis of human immunodeficiency virus (HIV)
3.2. Blood tests

The odds of bed bug infestation were significantly higher for patients
with higher eosinophil percentages (OR, 1.12 [95% CI, 1.04–1.19]; P ¼
.017) (Table 1). Additionally, the odds of bed bug infestation were higher
for patients with higher eosinophil counts, though this did not reach
statistical significance in the multivariable regression model (OR, 2.22
[95% CI, 1.20–4.10]; P¼ .17). The same associations were also identified
in our unadjusted analyses (P < .05, Supplementary Table 2).
(yes or no/not documented).
b Odds ratios for bed bug infestation presented for those with vs without the

diagnosis.
c Defined as having an ED or inpatient diagnosis that included the terms

catheter, device, prosthetic, shunt, implant, intravascular, graft, PICC, central venous,
line, osteomyelitis, endocarditis, septic arthritis, or septic joint.
3.3. Radiography

The odds of bed bug infestation were significantly higher in patients
that received a chest radiograph (OR, 1.52 [95% CI, 1.06–2.18]; P¼ .04)
(Table 2). The same association was also found in our unadjusted ana-
lyses (P < .05, Supplementary Table 2).
3.4. Consults

The odds of bed bug infestation were significantly higher for patients
that received an infectious disease consult (OR, 2.00 [95% CI,
1.14–3.53]; P¼ .04) (Table 2). The same association was also seen in our
unadjusted analysis (P < .05, Supplementary Table 2).
3.5. ED diagnoses

The odds of bed bug infestation were significantly higher for patients
diagnosed with cellulitis in the ED (OR, 3.02 [95% CI, 1.53–5.96]; P ¼
.003) (Table 3). The odds of bed bug infestation were also higher for
patients diagnosed with pneumonia in the ED, though this did not reach
statistical significance in the multivariable regression model (OR, 1.91
[95% CI, 1.02–3.57]; P ¼ .12) (Table 3). Our unadjusted analyses also
found associations between bed bug infestation and ED diagnoses of
cellulitis and pneumonia (P < .05, Supplementary Table 2).
3

3.6. ED plus inpatient diagnoses

The odds of bed bug infestation were also significantly higher for
patients with an ED or inpatient diagnosis of cellulitis (OR, 3.47 [95% CI,
2.57–5.59]; P ¼ .01) (Table 3). Similarly, the odds of bed bug infestation
were significantly higher for patients with an ED or inpatient diagnosis of
pneumonia (OR, 1.89 [95% CI, 1.23–2.90]; P ¼ .04) (Table 3). Our un-
adjusted analyses also found associations between bed bug infestation
and ED or inpatient diagnoses of cellulitis and pneumonia (P < .05,
Supplementary Table 2).

No bed bug infested or uninfested patients had a diagnosis that
included the terms “Ehrlichia,” “Anaplasma,” “arbovirus,” “arboviral,”
“babesiosis,” “Yersinia,” “Lyme,” “Rickettsia,” “Bartonella,” “Bur-
kholderia,” “Borrelia,” “cat scratch,” “tularemia,” “Francisella,” “lice,”
“typhus,” “Q fever,” or “Trypanosoma” reflecting the extreme rarity of
these diagnoses in northeast Ohio. Additionally, no patient with bed bugs
underwent a lumbar puncture for a neurologic condition, and no patients
with bed bugs were diagnosed with vasculitis or impetigo compared to
21 and two patients without bed bugs that had vasculitis and impetigo,



Table 4. Blood cultures obtained in the ED.

Test Multivariable Analysisa

bOR (95% CI) P Value

Growing any bacteria 2.77 (1.30–5.89) .024

Growing coagulase-negative Staphylococcus 4.22 (1.74–10.23) .006

Growing Staphylococcus aureus 2.32 (.30–17.95) >.99

Abbreviations: CFU, colony forming unit; ED, emergency department; OR, odds
ratio.

a Multivariable analysis adjusted for race (Black vs non-Black), emergency
severity index (ESI), location before ED arrival (home vs nursing or rehabilitation
facility vs physician office, clinic, surgery center, or inpatient elsewhere), ED
disposition (admit/observation vs discharged, transferred, left against medical
advice, or left without being seen), temperature, peripheral capillary oxygen
saturation, respiratory rate, heart rate, mean arterial pressure, method of arrival
(emergency medical service/police vs public transportation, walked, other vs
private vehicle), body mass index (BMI), marital status (married/life partner vs
single vs widowed, separated, divorced), health insurance (Medicaid, Medicare,
private, or none/unknown), documented primary care physician (yes or no), ED
triage screen for homicidal thoughts, suicidal ideation, or depression (yes to any
vs no to all questions asked), tobacco use identified in triage or as an ED or
inpatient diagnosis, a past or current diagnosis of dialysis, an ED or inpatient
diagnosis of cognitive impairment (with diagnosis of: dementia, Alzheimer's,
cognitive impairment, intellectual disability, or Down's syndrome), and a past or
current diagnosis of human immunodeficiency virus (HIV) (yes or no/not
documented), site where the blood culture was obtained (peripheral site versus a
central venous line (CVL), peripheral inserted central catheter (PICC), or medi-
port), and having an ED or inpatient diagnosis with the words: catheter, device,
prosthesis or prosthetic, shunt, implant, intravascular, graft, PICC, CVL, line,
osteomyelitis, endocarditis, septic arthritis, or septic joint.

b Odds ratios for bed bug infestation presented for those with vs without a
positive culture.
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respectively. There was no bed bug infested patient diagnosed with en-
cephalitis compared to three patients without bed bugs. Two bed bug
patients were diagnosed with endocarditis, with one growing CoNS and
the other not having blood cultures drawn in the ED. This compared to six
uninfested patients being diagnosed with endocarditis, of which two
grew Staphylococcus aureus, one grew Streptococcus pneumoniae, one had
no growth in the blood culture, and two had no blood cultures drawn in
the ED.

3.7. Blood cultures in the ED

The odds of bed bug infestation were not different for patients that
had or did not have blood cultures drawn in the ED (OR, 1.20 [95% CI,
.83–1.74]; P > .99) (Table 1). However, the odds of bed bug infestation
were significantly higher for patients that had a positive bacterial blood
culture (OR, 2.77 [95% CI, 1.30–5.89]; P ¼ .024) and that had a blood
culture growing CoNS (OR, 4.22 [95% CI, 1.74–10.23]; P ¼ .006). These
associations was also apparent in our unadjusted analyses (P < .05,
Supplementary Table 2).

Three of 17 patients with bed bugs and blood cultures growing CoNS
(17.6%) had two or more of their cultures growing CoNS, and the rest
showed CoNS in a single culture. Two of 44 patients without bed bugs
and blood cultures growing CoNS (4.5%) had two or more of their cul-
tures growing CoNS, and the rest showed CoNS in a single culture
(Supplementary Table 2). There were four patients with bed bugs and
eight patients without bed bugs who had an ED or inpatient diagnosis of
bacteremia plus an ED blood culture growing CoNS. All patients with an
ED or inpatient diagnosis of bacteremia and a positive CoNS culture had a
single ED blood culture positive for CoNS, except for one patient with bed
bugs who had both of their two cultures positive for CoNS. All patients
diagnosed with bacteremia who had at least 1 CoNS-positive culture
were admitted to the hospital. There were no differences in antibiotic
sensitivities of bacterial cultures obtained from the blood of patients with
or without bed bug infestation (Supplementary Table 3).
4

4. Discussion

Long-standing dogma is that bed bugs do not transmit infectious or-
ganisms to humans; however, no rigorous clinical investigation supports
this assertion. Our study was not designed to support or refute pathogen
transmission by bed bugs; instead, our reported associations suggest that
further investigation should be conducted unencumbered by anchoring
bias. Similar case-control studies of bed bug infested patients are lacking,
and the absence of a specific ICD code for bed bugs hamper clinical
research in the field.

Our study has a number of limitations that are further discussed
below, but a significant strength is that our multivariable analyses
accounted for at least 20 social variables, demographic information,
triage data, and comorbidities, plus the dataset matched cases and con-
trols on three additional variables. Therefore, the existence of major
unaccounted socioeconomic or demographic variables to explain the
significant associations we uncovered is less likely.

Most of the variables we explored showed no significant differences
between bed bug infested and uninfested patients, with a few notable
exceptions. Patients with higher eosinophil percentages in the blood
were more likely to be infested with bed bugs. Eosinophilia has been
reported previously in a small number of case reports, and it has been
observed in skin biopsies from patients with bed bugs [26, 27, 28, 29].
Similarly, mice that were fed on by bed bugs had higher eosinophil,
basophil, and monocyte counts [30], and eosinophilia have been re-
ported with Pediculus humanus capitis (head lice) and Pediculus humanus
corporis (body lice) infestations, consistent with our findings [31].

Patients diagnosed with pneumonia were more likely to be infested
with bed bugs. Intriguingly, recent research revealed that bed bug in-
festations lead to elevated levels of histamine in human homes due to the
release of this molecule in the feces of the insects [32]. Histamine has a
dose-dependent effect on human health and can cause respiratory
symptoms, including bronchospasm. It is unclear whether bed bug
associated histamine exposure could result in respiratory symptoms or
non-specific chest radiographic findings leading to diagnoses of
pneumonia.

Patients diagnosed with cellulitis were also more likely to be infested
with bed bugs, although our study could not exclude the possibility that
clinicians were misdiagnosing cimicosis as cellulitis when no true bac-
terial skin and soft tissue infection existed. Bed bugs have been previ-
ously cited as causing cellulitis, although no experimental evidence has
been reported until now [1, 4]. Nevertheless, in support of our results,
other insect bites and hematophagous insect feedings have been associ-
ated with skin and soft tissue infections [33, 34].

Patients with positive blood cultures, particularly blood cultures
growing CoNS, were more likely to be infested with bed bugs, although it
is not clear whether they had higher rates of pathological bacteremia or
whether these were false-positive results from environmental contami-
nation. Further research is needed to explore this association. However,
bed bugs could theoretically cause either cellulitis or bacteremia by
direct inoculation while feeding, by mechanical contamination of the
feeding site, or indirectly if the host self-inoculated skin bacteria into a
pruritic insect feeding site.

At least four gram-positive bacteria species are known to be associ-
ated with bed bugs (Staphylococcus arlettae, Staphylococcus epidermidis,
Kocuria kristinae, and Micrococcus spp) [35], but of these, only Staphylo-
coccus bacteria are a frequent cause of skin and soft tissue infections in
humans. Staphylococcus is extremely common in the environment, and
different species, including MRSA, have been detected in association
with multiple field-collected bed bug samples [16]. MRSA can survive
internally in the bed bug gut for up to nine days, but shedding the bac-
teria in the feces or frommouthparts has not been thoroughly tested [36].
Cultures of the proboscis from laboratory-raised C lectularius have not
grown Staphylococcus [37], and a vector-borne transmission cycle is not
known for any Staphylococcus species. However, a 1936 report shows that
C. lectularius can transmit hemolytic Staphylococcus to rabbits, mice, and
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guinea pigs and that the bacteria are detectable in insect salivary glands
for up to 15 days [38].

Some bed bug populations have recently been found to harbor an
uncharacterized species of Rickettsia [39]. Human pathogenic Rickettsia
can cause fever, leukopenia, transaminitis, and hyponatremia. Our study
did not find evidence that these were associated with bed bugs in our
patient cohort. Bed bugs have also been studied for their association with
hepatitis viruses [12, 13] but bed bugs were not associated with a
diagnosis of hepatitis or with transaminitis in our patient cohort.

Although no large-scale viromic investigations of bed bugs have been
published [12], the insects are not known to be vectors of arboviruses.
Some human arboviruses can cause symptoms such as encephalitis, fever,
hepatitis, and renal insufficiency but none of these were significantly
associated with bed bugs in our patient cohort.

4.1. Limitations

It is essential to recognize that we do not know how long our infested
patients had their bed bugs which is critical for exploring associations
with possible vector-borne diseases, some of which can be mild (or
asymptomatic) and transient, and may not have prompted an ED evalu-
ation. By only studying an ED population, our study is biased towards a
more acutely ill patient whose presentation to the ED may not have been
directly or indirectly related to bed bugs.

Patients could have been misclassified as having bed bugs, or they
may have picked up an insect within the ED (and thus not actually been
infested with bed bugs), but those scenarios are unlikely given previous
experience with bed bug detection and identification at UHCMC [40, 41,
42, 43, 44]. Our cohort is likely biased toward patients with large,
long-term bed bug infestations that are easier to detect, which would also
limit our ability to identify acute infections associated with bed bugs. If
bed bugs were able to transmit infectious agents that cause acute disease
in humans, infection would likely occur early during a new infestation or
when a person first enters an infested environment and thus unlikely to
be identified in our dataset.

The study took place in the greater Cleveland area of Ohio, which has
a high burden of bed bugs [3]. A bed bug is found approximately every
two days in UHCMC, an academic tertiary care center in downtown
Cleveland, and about every five days within the UHCMC ED [42, 43].
Collecting data from a primarily urban area in northeast Ohio could miss
vector-borne diseases transmitted seasonally or otherwise geographically
restricted outside of our studied location, as most known vector-borne
diseases are uncommon in northeast Ohio and our study was not pow-
ered to detect the occurrence of rare infections.

Many of the infested and uninfested patients lived in Cleveland and
East Cleveland, two of the most economically disadvantaged cities in
Ohio. Indeed, a previous study of UHCMC ED patients found that bed bug
infestation was not associated with socioeconomic status, as most pa-
tients, whether infested with bed bugs or not, had household incomes
<$25,000/year [43]. Therefore, while our approach considered many
demographic and socioeconomic variables, our findings may not be
generalizable to a more socioeconomically, racially, and geographically
diverse population. A lack of comprehensive inpatient and outpatient
testing and longitudinal patient follow-up likely missed some infections
and pertinent testing and diagnoses. Lastly, we only examined data from
cultures performed from the ED, so diagnostic evaluations performed as
an outpatient, any inpatient studies which resulted after the patient was
discharged, or the results from subsequent hospitalizations would not
have been included in our dataset. Thus, negative associations from our
studies should not be used to justify the exclusion of bed bugs as vectors
of disease without proper context.

5. Conclusions

Bed bug infestation was significantly more likely in patients diag-
nosed with cellulitis and with higher percent blood eosinophils.
5

Infestation was also more likely in patients diagnosed with pneumonia,
with positive blood cultures, and with blood cultures growing CoNS.
Additional studies in other patient populations and geographical re-
gions are needed to determine the cause and significance of these
associations.
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