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Introduction: Preliminary studies suggest that infection with Bartonella bacteria
can not only cause a characteristic rash, headache, fever, and fatigue but also
neuropsychiatric symptoms. To date, this association has only been reported in
case studies, and it remains unclear if this association generalizes to larger samples.

Methods: We used Amazon’'s Mechanical Turk (MTurk) to crowdsource a large
sample (N = 996) of individuals to ascertain the extent to which the presence
of participant-identified Bartonella-associated cutaneous lesions (BACL) was
associated with self-reported measures of anxiety, depression, and schizotypy.
Participants were asked to select images of cutaneous lesions they had seen on
their own bodies and complete a battery of self-report questionnaires to assess
psychiatric symptoms. Participants were not informed that the focus of the study
was on potential dermatological lesions associated with Bartonella. Point-biserial
correlations were used to determine the potential relationship between selecting
a BACL image and the severity of self-reported psychiatric symptoms.

Results: Scores of anxiety, depression, and schizotypy were positively and
significantly correlated with selecting a BACL image. Furthermore, self-report
scores of 10 or higher on the GAD-7 and PHQ-9, which represent the suggested
clinical cutoffs for meeting criteria for a depressive or anxiety-related disorder,
were also significantly associated with selecting a BACL image. Non-Bartonella-
associated cutaneous legions were also significantly associated with self-reported
measures of psychiatric symptoms.

Discussion: The current study broadens the link between the presence of BACL
and the presence of psychiatric symptoms of anxiety, depression, and schizotypy
and extends a potential relationship beyond the small sample sizes of previous
case studies and case series. Further investigation is recommended to address
limitations and expand on these findings.
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Introduction

Bartonella is a genus of gram-negative bacteria that can cause a range of diseases
in humans and animals (1). Although Bartonella infections are more frequently found
in animals, they can be transmitted to humans through fleas or cats (2). Several
different strains of Bartonella bacteria have been linked to human disease, which is often
characterized by headaches, fever, and fatigue, and cutaneous lesions such as rashes (1, 2).

01 frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2023.1244121
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2023.1244121&domain=pdf&date_stamp=2023-10-24
mailto:flavio_frohlich@med.unc.edu
https://doi.org/10.3389/fpsyt.2023.1244121
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1244121/full
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Stewart et al.

Several case studies reported the onset of psychiatric symptoms
that coincided with Bartonellosis and associated rashes (3, 4). One
such case series, documenting almost 30 individuals with self-
reported psychiatric symptoms, had 83% of the sample report
cutaneous lesions that appeared with psychiatric symptom onset
(5). In another study, symptoms of major depressive disorder, panic
attacks, generalized anxiety disorder, and social anxiety, which were
unresponsive to standard courses of psychiatric pharmacological
treatment, abated with the administration of antibiotics to treat
suspected Bartonella infections (6). A case-control study found that
individuals with schizophrenia/schizoaffective disorder were more
likely to test positive on a sensitive PCR assay compared to control
participants (7). Overall, this previous research investigating a
link between Bartonella infection and psychiatric symptoms is
limited to case studies or case series with small samples. The
degree of available evidence is thus low in quantity and quality,
as there are no large studies that are adequately powered and
designed to demonstrate a causal link between infection with
Bartonella and the emergence of psychiatric symptoms. To start
to address this gap, we used a crowd-sourced platform to
examine the relative prevalence and association of self-reported
psychiatric symptoms and the identification of past or current
cutaneous lesions associated with Bartonella in a large, easy-to-
access participant sample.

Amazon’s Mechanical Turk (MTurk) has been widely used
in research, with investigators seeking to utilize the ability to
crowdsource large samples quickly. Researchers submit a Human
Intelligence Task (HIT) to the platform, which can be completed
by MTurk workers (Turkers). Tasks can be designed within the
MTurk space, or templates found on MTurk can be used to
link to outside survey platforms such as Qualtrics. The use of
MTurk in social science and medical research has been the
topic of some controversy over the years, but overall, it is an
acceptable and effective method of data collection when used
ethically and with outlined best practices (8, 9). Best practices
for the use of MTurk have been the recent focus of research to
leverage MTurK’s ability to rapidly recruit large, diverse samples.
Emerging guidelines include procedures for the use of attention
checks, screening for bots, ensuring location accuracy, preventing
fraudulent responses, and ensuring task completion through
methods such as screenshots or completion codes (8-10). To
improve data quality, built-in MTurk functionality can be used
to only allow certain Turkers to complete a given HIT, using
qualifications such as the number of HITs completed, location, and
HIT approval rating (10).

The present study aimed to (1) examine the relationship
between the presence of BACL and psychiatric symptoms within
an MTurk sample and (2) explore the relationship between
the presence of other skin manifestations and psychiatric
symptoms. Our hypothesis for aim 1 was that there would be
a significant relationship between the presence of BACL and
psychiatric symptoms of anxiety, depression, and schizotypy.
We had no prior hypothesis for aim 2 but rather intended
to use images of other skin manifestations as a type of
pseudo-control and to protect respondents from determining the
study’s purpose.
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Methods
Study design

This is an observational study that was conducted remotely
by researchers at the University of North Carolina at Chapel
Hill. It was approved by the non-biomedical UNC-Chapel Hill
Institutional Review Board (IRB#21-2863). We also conceptualized
a priori, post-hoc pseudo case-control comparisons. For the purpose
of this study, a case was defined as an individual who identified
an image of a BACL as something they had previously seen on
their own body. The control group was defined as individuals
who did not select Bartonella-associated images. To control for
the potential effect of group size differences, random sampling was
used to pull an equal number of data points from each group for
statistical comparison. Original analyses using different group sizes
were ultimately used as they produced similar results.

Participants

A total of 996 participants were recruited using a crowd-
sourced convenience sampling method via MTurk. A Human
Intelligence Task (HIT) was posted on MTurk with a brief
description of the study and a link to our study questionnaire
on Qualtrics. The first item in the battery of surveys included an
information sheet that asked participants to consent to enrollment
in the study. Embedded within the demographics section of
the study questionnaire were data fidelity checks designed to
eliminate responses by BOTs, individuals outside the United States
accessing the HIT via a Virtual Private Network (VPN), and
those not paying close attention to their responses. Quality
control checks proposed by Agley et al. in previous research
were used to ensure data quality (10). Participants who did not
consent to participation or who did not correctly respond to any
of the quality control questions had their survey immediately
terminated and were instructed to return the HIT to avoid it
being rejected.

Measures and outcomes

Participants were redirected from the MTurk HIT to our
study questionnaire hosted on Qualtrics. The study questionnaire
consisted of a Demographics section, in which the data fidelity
questions were embedded to ensure the quality of the data. There
were four data fidelity questions, each designed to address the data
quality concerns outlined in previous research (10). Data fidelity
questions focused on attentiveness, and BOT and VPN checks. If
a respondent incorrectly answered a data fidelity question, they
were automatically skipped to the end of the questionnaire, directed
to return the HIT to avoid their work being rejected, and were
not compensated for their response. Data fidelity questions were
concentrated toward the beginning of the survey to avoid collecting
primary outcome data from respondents that would ultimately
be excluded.
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To assess the presence of BACL, the investigators used a single
question comprised of 13 images of common cutaneous lesions
and two pictures of BACL, for a total of 15 images. The images
shown to respondents can be seen in the Supplemental material.
BACL images were used from previous research with the author’s
permission, and images of other dermatological phenomena were
taken from DermNet and used in accordance with their free

3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 Participants

use license (5).% 2
were asked to select images that were representative of cutaneous
lesions they had previously identified on their own bodies. If
they selected BACL images, they were considered to be in the
suspected Bartonella infection group. If they did not select a
Bartonella-associated image, they were considered to be in the
control group.

For the primary outcomes associated with neuropsychiatric
symptomology, the General Anxiety Disorder-7 (GAD-7) was
used for anxiety symptom severity. The GAD-7 has a range
of 0-21 with cutoffs for 4 levels of symptom severity: 0-4:
minimal, 5-9: mild, 10-14: moderate, and 15-21: severe (11). The
Patient Health Questionnaire-9 (PHQ-9) was used for depression
symptom severity. Scores on the PHQ-9 range from 0 to 27
with 5 categories of severity: 0-4: no depressive symptoms, 5-9:
mild depressive symptoms, 10-14: moderate depressive symptoms,
15-19: moderately severe depressive symptoms, and 20-27:
severe depressive symptoms (12). The Schizotypal Personality
Questionnaire-Brief Revised Updated (SPQ-BRU) was used to
measure symptoms of schizotypy. It includes three higher-order
factors: interpersonal, cognitive perceptual, and disorganized. The
SPQ-BRU ranges from 32 to 160, with higher scores indicating
greater schizotypy (13).

1 Acne. https://dermnetnz.org/assets/Uploads/acne/keratosis- pilaris/
3016__WatermarkedWyJXYXRlcm1lhcmtlZCJd.jpg.
2 Acne.

142__WatermarkedWyJXYXRlcm1lhcmtlZCJd.jpg.

https://dermnetnz.org/assets/Uploads/acne/acne-back/

3 Melasma
chloas3__WatermarkedWyJXYXRlcm1hcmtlZCJd.jpg.

Image. https://dermnetnz.org/assets/Uploads/colour/
4 Actinic Keratosis Image. https://dermnetnz.org/assets/Uploads/lesions/
ak-hands/411__WatermarkedWyJXYXRlcm1hcmtlZCJd jpg.

5 Cyst Image. https://www.dermis.net/bilder/CD079/550px/img0093.jpg.
6 Dermatitis Image.

atopic41__WatermarkedWyJXYXRlcm1lhcmtlZCJd.jpg.

https://dermnetnz.org/assets/Uploads/dermatitis/

7 Eczema Image.

flexural-eczema21l__WatermarkedWyJXYXRlcm1lhcmtlZCJd.jpg.

https://dermnetnz.org/assets/Uploads/dermatitis/

8 lIchthyosis
ichthyosis-10__WatermarkedWyJXYXRlcm1hcmtlZCJd jpg.

Image. https://dermnetnz.org/assets/Uploads/scaly/

9 Measels Image. https://www.dermis.net/dermisroot/en/11877/image.
htm.

10 Insect bite image. https://www.dermis.net/bilder/CD033/550px/
img0099 .jpg.

11 Psoriasis Image. https://dermnetnz.org/assets/Uploads/scaly/w/facial-
psoriasis13__WatermarkedWyJXYXRlcm1hcmtlZCJd.jpg.

12 Urticaria  Image.

301__WatermarkedWyJXYXRlcm1hcmtlZCJd.JPG.

https://dermnetnz.org/assets/Uploads/urticaria-

13 Vitiligo Image. https://dermnetnz.org/assets/Uploads/colour/vitiligo-
21__WatermarkedWyJXYXRlcm1hcmtlZCJdd.jpg.
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Results
MTurk validation

The total number of surveys received was N = 1,871.
Following previous MTurk research protocols established for
quality control, several attention checks and bot screening
questions were embedded in the survey (10). Participants who
failed to appropriately respond to attention-check questions had
the survey terminated and were instructed to return the HIT.
We implemented five attention check questions and also excluded
surveys for which participants either did not consent or entered an
age < 18, which was an exclusionary criterion for participation.
Although MTurk users are required to be 18 years of age
to create an account, some responses indicated an age < 18,
which was interpreted either as inattention or that they had
somehow bypassed the MTurk verification process and, as a
result, were excluded. See Figure 1 for the flowchart of survey
response rejection.

Out of 1,871 survey responses, 31 failed the Captcha question
or did not consent. Notably, 350 participants did not successfully
answer the first attention check, which instructed the respondent
to select all possible choices despite what the question was asking.
In addition, 158 respondents failed the first location check, which
asked participants to identify the phone number they would call
in an emergency; 196 respondents failed the second location
check, which asked them to select the name of a vegetable in
a photograph, which varies based on the part of the world one
is in; 132 respondents failed the second attention check, which
included a fictional creature in a list of selectable options; and
eight respondents entered an age < 18, which was required for
participation. Following all attention, location, eligibility, and bot
checks, there were n = 996 survey responses that were included in
the analyses.

Participant characteristics

Participants (n = 996) were primarily cisgender males (47.7%),
cisgender females (41.5%), and white (81.5%) and had obtained at
least an undergraduate degree (87.8%). The mean participant age
was 37.5 years, with a minimum of 19 years and a maximum of 74
years (SD = 10.94). All participant characteristics can be found in
Table 1.

Measures

The measures used in the study are expanded individually in
the following paragraphs. The distributions and ranges for each
measure can be found in Figure 2.

The Patient Health Questionnaire 9 (PHQ9) developed by
Kroenke and Spitzer was administered to assess depressive
symptoms (12). The sample had a minimum score of 0, a
maximum score of 27, and a mean score of 12.73. The mean
score for the sample meets the suggested cutoff criteria laid out
by Kroenke et al. and lies within the range corresponding to
moderate depressive symptoms (12). This finding is in line with
previous MTurk research that found MTurk samples typically have
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Total Surveys Received: N=1871

Failed Captcha/Did
Not Consent: n=31

Failed 1st attention check:
n=350

Failed 1st location
check: n=158

Failed 2nd location
check: n=196

Failed 2nd attention
check: n=132

Age Exclusion: n=8

Included in analyses: n=996

FIGURE 1

Flow diagram of survey responses from total received through data
validation by each question. There were a total of five data validation
questions which included captchas, location checks, and attention
checks. There were also eight responses excluded because they
self-reported an age under 18. Mturk requires Turkers to be atleast
18, so responses indicating an age under 18 were taken to be
inattentive responses.

higher scores on measures of depressive symptoms (14-17). The
internal consistency for the PHQ9 within the sample was excellent,
a=0.923.
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TABLE 1 Participant characteristics.

Gender identity
Cisgender male 475 (47.7)
Transgender male 28 (2.8)
Cisgender female 413 (41.5)
Transgender female 34(3.4)
Gender non-conforming/gender 8(0.8)
questioning
Prefer not to answer 30 (3.0)
Other 7(0.7)

Race/ethnicity
American Indian/Alaskan Native 6(0.6)
Asian 49 (4.9)
Black/African American 65 (7.5)
Latino/Latina 26 (2.6)
Native Hawaiian/Pacific Islander 3(0.3)
White 811 (81.5)
Multiracial/other 25(2.5)

Education
Some high school 1(0.1)
High school/GED 43 (4.3)
Vocational training 2(0.2)
Some college 51(5.1)
Associate’s degree 25(2.5)
Bachelor’s degree 677 (68.0)
Some post-undergraduate 30 (3.0)
Advanced degree 167 (16.8)

The GAD7 was used to assess anxiety symptoms. The 7-item
measure had excellent internal consistency in our sample (o =
0.917), with a mean score of 10.01 and scores ranging from 0
to 21. Similarly to metrics on the PHQY, the mean score for the
sample was just above the clinical cutoff criteria outlined by the
scale developers as indicative of a generalized anxiety disorder
diagnosis and supported by other studies indicating MTurk
samples exhibiting higher scores on anxiety measures (11, 14, 15).

The Schizotypal Personality Questionnaire Brief Revised
Updated (SPQ-BRU) was administered to assess schizotypy. The
Schizotypal Personality Questionnaire (SPQ) was developed by
Raine but was consequently adapted to the SPQ-Brief (18, 19).
The version used in the current study altered the SPQ-BR by
making small wording changes to items to improve reliability
(13). The SPQ-BRU is a 32-item measure scored on a 5-point
Likert scale ranging from strongly disagree to agree for each item.
Scores are further broken down into three higher-order factors
and nine subfactors consistent with schizotypal spectrum theory.
The mean score for the SPQ-BRU in the sample was 104.16 +
29.79, with a minimum score of 32 and a maximum score of
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GAD7 Anxiety Symptoms
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FIGURE 2

Ranges, distributions and summary statistics of self-report measures. Distributions of scores on collected self-report measures. Scores on measure
are represented on the x-axis, frequency percents are represented on the y-axis. (A) PHQ-9 scores of self-report depression symptoms. (B) GAD-7
scores of self-report anxiety symptoms. (C) SPQ-BRU CP subfactor scores of self-report cognitive perceptual symptoms of schizotypy. (D) SPQ-BRU
IP subfactor scores of self-report interpersonal symptoms of schizotypy. (E) SPQ-BRU DO subfactor scores of self-report disorganized symptoms of
schizotypy. (F) Ranges and summary statistics of sample age and collected self-report measures.

160. The descriptive data for the higher-order subscales are given
in Table 1.

Relationship between BACL and psychiatric
symptoms

The primary outcome of the study was the relationship
between the self-reported presence of BACL and neuropsychiatric
symptoms, which was evaluated using point biserial correlation. A
total of 19.5%, 95% CI: (0.1706, 0.2208) of participants reported
BACL as something they had seen on their own body. The presence
of BACL was positively associated with anxiety symptoms, r9g7) =
0.18, p < 0.0001, depression symptoms, r(973) = 0.18, p < 0.0001,
cognitive perceptual symptoms of schizotypy, r(ge7y = 0.10, p <
0.01, interpersonal symptoms of schizotypy, r(ge7y = 0.15, p <
0.0001, and disorganized symptoms of schizotypy, r(9ps) = 0.12, p
< 0.001. Visualizations of relationships are illustrated in Figures 3,
4. To further expand on this finding, we also performed chi-square
analyses with clinical cutoffs for measures of anxiety, X(ZMZ%Q) =
13.73, p < 0.001, and depression, X(21,n=954) = 24.11, p < 0.001.
Scores on measures of both anxiety and depression reaching the
clinical cutoff were significantly associated with selecting a BACL
photograph. These findings suggest that individuals who selected
BACL photographs also scored higher on self-reported measures of
anxiety and depression. Furthermore, individuals selecting BACL
photographs were more likely to score at or above the suggested
clinical cutofts on self-reported measures of anxiety and depression.

Frontiers in Psychiatry

Relationship between other cutaneous
lesions and psychiatric symptoms

Point biserial correlational analyses were used to investigate
the relationship between non-BACL and psychiatric symptoms.
Several skin conditions were positively correlated with measures
of anxiety, depression, and schizotypy. One non-BACL image
relationship to psychiatric symptoms of note was actinic keratosis,
which was positively and significantly correlated with anxiety, r(g¢9)
= 0.191, p < 0.001, depression, r(975) = 0.188, p < 0.001, and
cognitive perceptual, r(g99y = 0.18, p < 0.001, interpersonal, 7(gos)
= 0.146, p < 0.001, and disorganized symptoms of schizotypy,
7(907) = 0.141, p < 0.001. However, associations between non-BACL
and psychiatric symptoms were weak, and the large sample size
resulted in the statistical significance of very weak associations.
The correlational matrix and associated p-values are listed in
Table 2. We also included two control photographs, one of
an insect bite and an option to select “None”, indicating that
none of the photographs represented a cutaneous lesion the
participant had previously experienced. The relationship between
psychiatric symptoms and insect bite was non-significant between
measures of anxiety, ree;) = —0.042, p > 0.05, depression,
973y = —0.028, p > 0.05, and interpersonal and disorganized
symptoms of schizotypy, re3) = 0.005, p > 0.05 and r(ggs)
= 0.02, p > 0.05, respectively. Insect bite was negatively and
significantly correlated with cognitive-perceptual symptoms of
schizotypy, r(ges) = —0.067, p < 0.05. Relationships between
not selecting any photographs and psychiatric symptoms were all
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FIGURE 3

points indicating a higher percentage of subject response at that level.

D

PHQ score

SPQ Subset CP Score

SPQ Subset DO Score

Relationships between the presence of BACL and psychiatric symptoms. Point biserial correlational analyses between the presence of BACL and
psychiatric symptoms of (A) symptoms of anxiety as per the GAD-7, (B) symptoms of schizotypy as per the Schizotypal Personality Questionnaire
Brief-Updated-Revised (SPQ-BRU) total score, (C) interpersonal symptoms of schizotypy as per the SPQ-BRU Interpersonal subfactor (items 7, 8, 9,
10, 11, 12, 17, 18, 19, 20), (D) symptoms of depression as per scores on the PHQ-9, (E) cognitive perceptual symptoms of schizotype as per the
cognitive/perceptual subfactor (items 1, 2, 3, 4, 5, 6, 21, 22, 23, 24, 29, 30, 31, 32), (F) disorganized symptoms of schizotype as per the SPQ-BRU
disorganized subfactor (items 13, 14, 15, 16, 25, 26, 27, 28). Individuals not selecting a BACL are represented in blue, individuals selecting a BACL
images are represented in red. Shading of data points reflect the percentage of each group that reported symptom scores at that level, with darker
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negatively and significantly correlated: anxiety, r(9s7) = —0.311, p
< 0.001, depression, r(973y = —0.333, p < 0.001, and cognitive-
perceptual subscale, r(go;y = —0.309, p <0.001, interpersonal
subscale, r(g93y = —0.319, p <0.001, and disorganized subscale,
7(905) = —0.324, p < 0.001. It is possible that this finding represents
respondents who paid attention during the survey but wanted to
finish the survey quickly, thus responding no to all questions.
These results suggest that there may be a common, underlying
mechanism germane to dermatological skin manifestations across
diseases and disorders which drives the positive associations with
psychiatric symptoms.
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Discussion

The purpose of this study was to investigate the potential
relationship between cutaneous lesions associated with Bartonella
infection and symptoms of anxiety, depression, and schizotypy
in a large sample, broadening the scope of scientific inquiry into
and awareness of the potential link between Bartonella infection
and psychiatric symptoms by leveraging a potential component
of Bartonella infection that is effectively represented in an online
survey and easily disseminated to a large sample. Identifying BACL
is only one component of a comprehensive diagnostic strategy.
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FIGURE 4

Chi square analyses with suggested clinical cutoffs for self-report anxiety and depression. Visualization of Chi square results. Percentages shaded in
blue represent the percent of the sample that did not select as BACL image. Percentages shaded in red represent the percent of the sample that did
select as BACL image. (A) Table comparing selection of BACL image with scores on GAD7 (Generalized Anxiety Disorder-7) split dichotomously by
below or at/above suggested clinical cutoffs. (B) Table comparing selection of BACL image with scores on the PHQ-9 (Patient Health
Questionnaire-9) split dichotomously by below or at/above suggested clinical cutoffs.

B Clinical cutoff for Depression
(n=975)

Selected PHQ-9 Score
bartonella-
sssadiated Below Clinical | Above Clinical
Threshold Threshold
Image (<10) (>=10)
No
Yes

Score of 10 or greater on the PHQ 9 s considered 3 reasonabie cutott for identitying
cases of MDD (9L (1, n-875)-24.11,0<.000001

TABLE 2 Correlational matrix for skin lesions and psychiatric symptoms.

Point-biserial correlation r-values

GAD-7 PHQ-9 SPQ-Total SPQ-CP SPQ-IP SPQ-DO
Skin condition image selected
BACL 0.184™* 0.178** 0.123** 0.096™* 0.147%* 0.121%*
Eczema 0.035 0.057 0.086 0.081* 0.09* 0.102*
Melasma 0.154™* 0.153** 0.161** 0.174™* 0.122%* 0.153**
Acne 0.076™ 0.066™ 0.099* 0.066™ 0.116** 0.118**
Cyst 0.151"* 0.132%* 0.109%* 0.121%* 0.081+ 0.098*
Ichtyosis 0.128™* 0.114** 0.122%" 0.125"* 0.109* 0.107*
Urticaria 0.162"* 0.153** 0.109%* 0.105* 0.094* 0.119%*
Actinic keratosis 0.191"* 0.188"* 0.168** 0.18** 0.146** 0.141**
Measles 0.126™ 0.117%* 0.117%* 0.103* 0.132%* 0.106*
Vitiligo 0.14%* 0.146™* 0.128%" 0.134"* 0.103* 0.115%*
Psoriasis 0.124"* 0.12% 0.111%" 0.099* 0.105* 0.125%"
Insect bite —0.042 —0.028 —0.026 —0.067F —0.005 0.02
No skin manifestations —0.311** —0.333** —0.327** —0.309** —0.319** —0.324**

+p < 0.05;*p < 0.01; p < 0.001.

GAD-7, generalized anxiety disorder-7; PHQ-9, Patient Health Questionnaire-9; SPQ, Schizotypal Personality Questionnaire; SPQ-CP, Schizotypal Personality Questionnaire-Cognitive
Perceptual Subscale; SPQ-IP, Schizotypal Personality Questionnaire-Interpersonal subscale; SPQ-DO, Schizotypal Personality Questionnaire- Disorganized subscale; SPQ-BRU, Schizotypal

Personality Questionnaire- Brief Revised Updated.

Verifying the diagnosis of Bartonella infection and establishing a
causal link between Bartonella infection and psychiatric symptoms
is beyond the scope of this investigation. However, awareness of
BACL and its potential relationship with psychiatric symptoms can
be a valuable component of a diagnostic strategy when biological
verification methods are plausible.

We found that MTurk was a useful platform to quickly
generate a large sample, receiving over 1,871 survey responses

Frontiers in Psychiatry

in approximately 5h. Mturk data validation strategies from
previous research (10) were employed to great effect, successfully
eliminating inattentive responses, suspected bots, and additional
location screening in a final analysis group of n = 996. The
most effective validation question was an attention check
question instructing individuals to select all the possible
responses irrespective of what the question asked, which
eliminated 350 responses. Secondary attention checks and
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location checks were also effective in screening out potentially
low-quality data.

The main outcome of interest was the relationship between
the presence of BACL and psychiatric symptoms of anxiety,
depression, and schizotypy. Of the analysis sample (n = 996),
19.5% affirmed recognizing BACL as something they had seen on
their own body. This prevalence is comparable to other research
findings that reported Bartonella infection in populations across the
United States (20-25). We found that self-reported symptoms of
anxiety via scores on the GAD-7, depression via scores on the PHQ-
9, and all three dimensions of schizotypy (cognitive/perceptual,
interpersonal, and disorganized) were positively and significantly,
albeit weakly, correlated with selecting images of BACL. These
findings are in line with previous case studies that revealed a
relationship between the onset of psychiatric symptoms and the
diagnosis of Bartonella spp. infection, as well as the abatement of
psychiatric symptoms following antibiotic treatment for Bartonella
infection (3-5, 7, 26). In addition, chi-square analyses revealed
that the presence of BACL was significantly related to self-reported
scores of symptoms of anxiety and depression that fell above
the suggested clinical cutoffs for both the GAD-7, with 73.6%
of individuals affirming the presence of BACL on their body
reporting a score of 10 or greater, and the PHQ-9, with 84.5%
of individuals affirming the presence of BACL on their body
reporting a score of 10 or greater. These findings are in line with
previous Mturk research that has characterized Mturk samples
as having higher than average levels of anxiety and depression
(10, 17, 27). Findings are also congruent with previous case
studies indicating an association between confirmed Bartonella
infection, often with accompanying cutaneous lesions, and the
onset or presence of severe symptoms of anxiety, psychosis, and
depression (3-7).

We also found that symptoms of anxiety, depression, and
schizotypy were also positively and significantly correlated
with several other cutaneous lesions from other dermatological
disorders. Images of actinic keratosis exhibited a positive
relationship with symptoms of anxiety, depression, and schizotypy
stronger than the relationship found between self-reported
psychiatric symptoms and images of BACL. Actinic keratosis is
a skin lesion that typically presents as a rough, scaly, dry patch
of skin that may include discoloration (28). The leading cause
of actinic keratosis is UV exposure, which disrupts the processes
of cell growth and differentiation, leading to inflammation and
an immune response (29). It is possible that the underlying
mechanisms affecting the immune system in actinic keratosis
may have similarities with the ways in which Bartonella species
disrupt immune functioning, but these mechanisms are beyond
the scope of this investigation and require further inquiry. While
the images of these manifestations were used primarily to reduce
false positives on the Bartonella images, the control images of
insect bite and the option to select not having seen any of the
images appear on one’s own body were negatively correlated
with symptoms of anxiety, depression, and schizotypy. Thus, we
believe that perhaps the significant positive associations between a
wide range of dermatological symptoms could be indicative of a
common underlying biological process that is contributing to both
dermatological and psychiatric symptoms.
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There were a number of limitations present in this current
investigation. First, while our data validation techniques were
effective in eliminating a large number of inattentive and bot
responses, further validation techniques can be instituted on
a crowdsourcing platform such as MTurk. For example, the
elimination of surveys completed too quickly would be a useful
metric to ensure the quality of data and protect against submission
times that took less time than it would to just read the survey
questions in full. We did not implement this screening tool on
the front end, so workers completing the surveys too fast were not
warned ahead of time that their work may be rejected for responses
that appeared too fast. Surveys that correctly answered all data
fidelity questions were considered valid responses.

Second, participants were asked to self-identify different images
of cutaneous lesions that they had seen on their own bodies as
a proxy for identifying dermatological symptoms. The limitations
of this are multi-faceted. It is possible that participants had
difficulty differentiating between lesions seen on their own bodies,
as represented by the images shown in our study. Individual
participant memory and the extent to which they paid previous
attention to skin lesions may have also affected respondents’
ability to accurately select images of lesions seen on their own
bodies. Diagnoses of cutaneous lesions in the participants by
medical professionals would have likely exhibited substantially
higher fidelity. In addition, identifying a lesion associated with a
particular skin disorder is not indicative of a diagnosis. While the
rash associated with Bartonellosis can be distinctive, appearing in
long, thick striae or vertical red lesions with undulating borders
and did not have similarity to the other images of skin disorders,
we are not currently aware of any investigation that has been done
on separating visual differences in causes of Bartonella infection
striae from other medical conditions, and a verified diagnosis of
Bartonella infection was beyond the scope of this study. Future
studies should use a more definitive metric for tracking the presence
or diagnosis of Bartonella infection. Furthermore, we did not
assess the temporal characteristics of when the lesion appeared
and psychiatric symptom onset, so we cannot be positive that the
existence of skin lesions was in any way connected with psychiatric
symptoms. Finally, all associations between the selection of BACL
images and psychiatric symptoms were weak associations. Thus,
we cannot rule out the possibility of a lack of a clinically
meaningful association. However, our findings are still valuable in
highlighting the potential link between Bartonella infection and
psychiatric symptoms to raise awareness among clinicians. In many
of the previously reported case studies and series, more standard
treatments were employed to treat psychiatric symptomology with
no benefit for the patient until Bartonella infection was diagnosed
and antibiotics prescribed, resulting in the abatement of symptoms.
Considering Bartonella infection when making diagnoses could
expedite correct diagnoses and save patients from potential distress.

Third, the demographic characteristics of the sample and
MTurk should be discussed. The sample was 81.5% white, 85% had
at least a bachelor’s degree, and all participants had access to the
Internet. This is not representative of the general population of the
United States, and the findings should not be applied as such (30,
31). Additionally, MTurk samples are well-documented as having
higher than general population levels of anxiety and depression

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1244121
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Stewart et al.

(15-17, 32). This should be taken into account when interpreting
the findings of the association between the identification of
BACL and psychiatric symptoms. Baseline levels of anxiety and
depression symptoms in an MTurk population may contribute
to or account for the relationship found between BACL and
psychiatric symptoms. However, we hypothesize that the large
percentage of participants who identified BACL as something on
their body also have scores at or above the suggested clinical cutofs,
which could be important in elucidating the relationship between
Bartonella infection and psychiatric symptoms.

Conclusion

The current study broadens the link between the presence
of BACL and the presence of psychiatric symptoms of anxiety,
depression, and schizotypy and extends a potential relationship
beyond the small sample sizes of previous case studies and case
series. Scores at or above the suggested clinical cutoffs for anxiety
and depression within a large percentage of the BACL self-
identifying group suggest that, despite higher than general US
population levels of anxiety and depression present in MTurk
populations, an association may exist between Bartonella infection
and psychiatric symptoms and requires further investigation. Data
quality validation is a necessary component of using MTurk
as a data collection platform, and the techniques used in this
investigation were effective in improving the final analysis data
quality. Future studies should expand the methods of data
quality validation to include time limits on survey submission
and should also pursue more accurate metrics for Bartonella
and other dermatological infection diagnostic markers. More
definitive diagnostic markers, such as PCR assays, should be
used to confirm the actual presence of a given illness such as
Bartonellosis and strengthen any potential relationship that may
be found.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by University
of North Carolina at Chapel Hill Biomedical Institutional Review
Board. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

References

1. Mada PK, Zulfiquar H, Joel C, Andrew S. Bartonellosis. StatPearls (2022). Available
online at: https://www.ncbi.nlm.nih.gov/books/NBK430874/?report=reader (accessed
October 31, 2022).

Frontiersin Psychiatry

10.3389/fpsyt.2023.1244121

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

Author contributions

ZS wrote the draft of the manuscript. FF provided mentorship
and edits to the manuscript. SK was involved in the analysis and
provided edits and figures and tables. All authors contributed to
the article and approved the submitted version.

Acknowledgments

The authors would like to thank Dr. Ed Breitschwerdt for
sharing images of BACL lesions for use in our questionnaire and
Dr. Erin Lashnits for providing guidance in the planning stages of
the project.

Conflict of interest

FF is a full-time employee of the University of North Carolina—
Chapel Hill. FF is the lead inventor of IP issued to UNC and
licensed to Electromedical Products International (EPI). In the
last 12 months, FF has received consulting honoraria from the
following entities: EPI, Insel Spital, and the University of Michigan.
In the last 12 months, FF has received royalties from Academic
Press and the University of North Carolina at Chapel Hill.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.
1244121/full#supplementary-material

2. Kaiser PO, Riess T, O'Rourke E Linke D, Kempf VAJ. Bartonella spp.:
throwing light on uncommon human infections. Int ] Med Microbiol. (2011) 301:7-
15. doi: 10.1016/j.ijmm.2010.06.004

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1244121
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1244121/full#supplementary-material
https://www.ncbi.nlm.nih.gov/books/NBK430874/?report=reader
https://doi.org/10.1016/j.ijmm.2010.06.004
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Stewart et al.

3. Breitschwerdt EB, Greenberg R, Maggi RG, Mozayeni BR, Lewis
A, Bradley JM. Bartonella henselae bloodstream infection in a boy with
pediatric acute-onset neuropsychiatric syndrome. J Cent Nerv Syst Dis. (2019)
11:1179573519832014. doi: 10.1177/1179573519832014

4. Greenberg R. The role of infection and immune responsiveness in a
case of treatment-resistant pediatric bipolar disorder. Front Psychiatry. (2017)
8:78. doi: 10.3389/fpsyt.2017.00078

5. Breitschwerdt EB, Bradley JM, Maggi RG, Lashnits E, Reicherter P. Bartonella
Associated Cutaneous Lesions (BACL) in people with neuropsychiatric symptoms.
Pathogens. (2020) 9:12. doi: 10.3390/pathogens9121023

6. Schaller JL, Burkland GA. Do Bartonella infections cause agitation, panic disorder,
and treatment-resistant depression? Panic Disord. (2007) 13:54.

7. Lashnits E, Maggi R, Jarskog F Bradley ], Breitschwerdt E, Frohlich F.
Schizophrenia and Bartonella spp. infection: a pilot case-control study. Vector Borne
Zoonot Dis. (2021) 21:413-21. doi: 10.1089/vbz.2020.2729

8. Buhrmester MD, Talaifar S, Gosling SD. An evaluation of Amazon’s mechanical
Turk, its rapid rise, and its effective use. Perspect Psychol Sci. (2018) 13:149-
54. doi: 10.1177/1745691617706516

9. Cunningham JA, Godinho A, Kushnir V. Can Amazon’s Mechanical Turk
be used to recruit participants for internet intervention trials? A pilot study
involving a randomized controlled trial of a brief online intervention for
hazardous alcohol wuse. Int Interv. (2017) 10:12-6. doi: 10.1016/j.invent.2017.
08.005

10. Agley J, Xiao Y, Nolan R, Golzarri-Arroyo L. Quality control
questions on Amazons Mechanical Turk (MTurk): a randomized trial of
impact on the USAUDIT, PHQ-9, and GAD-7. Behav Res Methods. (2022)
54:885-97. doi: 10.3758/513428-021-01665-8

11. Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for
assessing generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006)
166:1092. doi: 10.1001/archinte.166.10.1092

12. Kroenke K, Spitzer RL, Williams JBW. The
a brief depression severity measure. | Gen Intern Med.
13. doi: 10.1046/j.1525-1497.2001.016009606.x

PHQ-9: validity of
(2001) 16:606—

13. Davidson CA, Hoffman L, Spaulding WD. Schizotypal personality questionnaire
— brief revised (updated): an update of norms, factor structure, and item content
in a large non-clinical young adult sample. Psychiatry Res. (2016) 238:345-
55. doi: 10.1016/j.psychres.2016.01.053

14. Marks CK, Kraft JD, Grant DM, Wells TT. The relationship between
hostile interpretation bias and symptoms of depression and social anxiety: a
replication across two samples. ] Psychopathol Behav Assess. (2021) 43:251-
8. doi: 10.1007/s10862-020-09839-y

15. Arditte KA, Cek D, Shaw AM, Timpano KR. The importance of assessing
clinical phenomena in Mechanical Turk research. Psychol Assess. (2016) 28:684-
91. doi: 10.1037/pas0000217

16. Walters K, Christakis DA, Wright DR. Are mechanical Turk worker samples
representative of health status and health behaviors in the US? PLoS ONE. (2018)
13:0198835. doi: 10.1371/journal.pone.0198835

17. McCredie MN, Morey LC. Who are the Turkers? A characterization of
MTurk workers using the personality assessment. Invent Assess. (2019) 26:759-
66. doi: 10.1177/1073191118760709

Frontiersin Psychiatry

10

10.3389/fpsyt.2023.1244121

18. Cohen AS, Matthews RA, Najolia GM, Brown LA. Toward a more
psychometrically sound brief measure of schizotypal traits: introducing the
SPQ-brief revised. J Personal Disord. (2010) 24:516-37. doi: 10.1521/pedi.2010.2
4.4.516

19. Raine A. The SPQ: a scale for the assessment of schizotypal personality
based on DSM-III-R criteria. Schizophr Bull. (1991) 17:555-64. doi: 10.1093/schbul/1
7.4.555

20. Koehler JE, Sanchez MA, Tye S, Garrido-Rowland CS, Chen FM, Maurer
T. Prevalence of Bartonella infection among human immunodeficiency virus—
infected patients with fever. Clin Infect Dis. (2003) 37:559-66. doi: 10.1086/3
75586

21. Jackson LA, Spaeh DH, Kippen DA, Sugg NK, Regnery RL, Sayers MH. et al.
Seroprevalence to Bartonella quintana among patients at a community clinic in
downtown seattle. ] Infect Dis. (1996) 173:1023-6. doi: 10.1093/infdis/173.4.1023

22. Comer J. Antibodies to Bartonella species in inner-city intravenous drug users in
Baltimore, Md. Arch Intern Med. (1996) 156:2491-5.

23. Jacobs RE Schutze GE. Bartonella henselae as a cause of prolonged fever and fever
of unknown origin in children. Clin Infect Dis. (1998) 26:80-4. doi: 10.1086/516256

24. Smith HM, Reporter R, Rood MP, Linscott AJ. Mascola LM. Hogrefe W.
Prevalence study of antibody to ratborne pathogens and other agents among
patients using a free clinic in downtown los angeles. J Infect Dis. (2002) 186:1673—
6. doi: 10.1086/345377

25. Monterroso E, Vlahov D, Comer JA, Diaz T, Childs JE. Evidence of rodent-
associated Bartonella and Rickettsia infections among intravenous drug users from
Central and East Harlem, New York City. Am ] Trop Med Hyg. (2001) 65:855-
60. doi: 10.4269/ajtmh.2001.65.855

26. Ericson ME, Breitschwerdt EB, Reicherter P, et al. Bartonella henselae
detected in malignant melanoma, a preliminary study. Pathogens. (2021)
10:326. doi: 10.3390/pathogens10030326

27. Cwalina SN, Pacek LR, Barrington-Trimis JL, Tackett AP, Pentz MA. Cross-
sectional associations of multiple tobacco product use with depressive and anxiety
symptoms among young adult E-cigarette users. Subst Use Misuse. (2021) 56:1807-
14. doi: 10.1080/10826084.2021.1954026

28. John Hopkins Medicine. Actinic Keratosis (A Precancerous Condition).
(2023). Available online at: https://www.hopkinsmedicine.org/health/conditions-and-
diseases/actinic-keratosis (accessed September 15, 2023).

29. Marques E, Chen TM. Actinic keratosis. In: StatPearls. StatPearls Publishing
(2023).  Available online at:  http://www.ncbi.nlm.nih.gov/books/NBK557401/
(accessed September 15, 2023).

30. United State Census Bureau (2022). Census Bureau Releases New Educational
Attainment  Data.  Available online at:  https://www.census.gov/newsroom/
press-releases/2022/educational-attainment.html#:$\sim$:text=the%20Hispanic
%20population.-,From%202011%20t0%202021%2C%20the%20percentage%200f
%20adults%20age%2025,20.6%25%20for%20the%20Hispanic%20population
(accessed September 13, 2023).

0

31. US. Census Bureau QuickFacts: United States. https://www.census.gov/
quickfacts/fact/table/US/PST045222 (accessed September 13, 2023).

32. Shapiro DN, Chandler ], Mueller PA. Using mechanical turk to study clinical
populations. Clin Psychol Sci. (2013) 1:213-20. doi: 10.1177/2167702612469015

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1244121
https://doi.org/10.1177/1179573519832014
https://doi.org/10.3389/fpsyt.2017.00078
https://doi.org/10.3390/pathogens9121023
https://doi.org/10.1089/vbz.2020.2729
https://doi.org/10.1177/1745691617706516
https://doi.org/10.1016/j.invent.2017.08.005
https://doi.org/10.3758/s13428-021-01665-8
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1016/j.psychres.2016.01.053
https://doi.org/10.1007/s10862-020-09839-y
https://doi.org/10.1037/pas0000217
https://doi.org/10.1371/journal.pone.0198835
https://doi.org/10.1177/1073191118760709
https://doi.org/10.1521/pedi.2010.24.4.516
https://doi.org/10.1093/schbul/17.4.555
https://doi.org/10.1086/375586
https://doi.org/10.1093/infdis/173.4.1023
https://doi.org/10.1086/516256
https://doi.org/10.1086/345377
https://doi.org/10.4269/ajtmh.2001.65.855
https://doi.org/10.3390/pathogens10030326
https://doi.org/10.1080/10826084.2021.1954026
https://www.hopkinsmedicine.org/health/conditions-and-diseases/actinic-keratosis
https://www.hopkinsmedicine.org/health/conditions-and-diseases/actinic-keratosis
http://www.ncbi.nlm.nih.gov/books/NBK557401/
https://www.census.gov/newsroom/press-releases/2022/educational-attainment.html#:${sim }$:text=the%20Hispanic%20population.-,From%202011%20to%202021%2C%20the%20percentage%20of%20adults%20age%2025,20.6%25%20for%20the%20Hispanic%20population
https://www.census.gov/newsroom/press-releases/2022/educational-attainment.html#:${sim }$:text=the%20Hispanic%20population.-,From%202011%20to%202021%2C%20the%20percentage%20of%20adults%20age%2025,20.6%25%20for%20the%20Hispanic%20population
https://www.census.gov/newsroom/press-releases/2022/educational-attainment.html#:${sim }$:text=the%20Hispanic%20population.-,From%202011%20to%202021%2C%20the%20percentage%20of%20adults%20age%2025,20.6%25%20for%20the%20Hispanic%20population
https://www.census.gov/newsroom/press-releases/2022/educational-attainment.html#:${sim }$:text=the%20Hispanic%20population.-,From%202011%20to%202021%2C%20the%20percentage%20of%20adults%20age%2025,20.6%25%20for%20the%20Hispanic%20population
https://www.census.gov/quickfacts/fact/table/US/PST045222
https://www.census.gov/quickfacts/fact/table/US/PST045222
https://doi.org/10.1177/2167702612469015
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Crowd-sourced investigation of a potential relationship between Bartonella-associated cutaneous lesions and neuropsychiatric symptoms
	Introduction
	Methods
	Study design
	Participants
	Measures and outcomes

	Results
	MTurk validation
	Participant characteristics
	Measures
	Relationship between BACL and psychiatric symptoms
	Relationship between other cutaneous lesions and psychiatric symptoms

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


