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Introduction: Erythema migrans (EM) is an annular, erythematous, expanding rash that is characteris-
tic of early Lyme disease. In the southern United States, however, many cases of EM seem to have an
etiology different from that of Lyme disease. This little-understood condition is called Southern tick-
associated rash illness.

Methods: With the goal of obtaining biological specimens and clinical histories from 12 to 20 STARI
patients for use in etiologic research, microbiologists from the Centers for Disease Control and Preven-
tion contacted the North Carolina Network Consortium, a statewide consortium of practice-based re-
search networks. This article describes the methods by which the North Carolina Network Consortium
successfully identified and enrolled Southern tick-associated rash illness patients into a primary care-
based research protocol.

Results: A total of 23 patients were enrolled, with 100% attainment of the desired specimens. After
an initial lack of success, the revised protocol identified and trained physicians practicing in endemic
areas for the illness, used a coordinator with 24-hour availability, recruited participants using newspa-
per notices and medical providers, and provided regular reminders and progress updates.

Conclusions: A practice-based research network can help basic scientists identify patients and collect
specimens for clinically relevant research. (J Am Board Fam Med 2010;23:720–727.)

Keywords: Practice-Based Research Networks, PBRNs, Centers for Disease Control and Prevention, CDC, Southern
Tick-Associated Rash

Erythema migrans (EM) is an annular, erythema-
tous, expanding rash that is characteristic of early
Lyme disease, an infectious disease that is endemic

in the northeast, north central, and Pacific north-
west of the United States. In the southeastern and
southcentral states, cases of EM have also been
reported since the mid 1980s1–3; however, antibod-
ies to Borrelia burgdorferi, the cause of Lyme dis-
ease, are infrequently identified in these patients
and no cultures of B. burgdorferi have been grown
from them.1,2,4 Thus, EM in this region is believed
to often represent an illness that is not Lyme dis-
ease, the etiology of which is unknown. This illness
has been provisionally named Southern tick-asso-
ciated rash illness (STARI).

Compared with Lyme disease, which is trans-
mitted by the tick vector Ixodes scapularis, STARI is
associated with the bite from the lone star tick
(Amblyomma americanum).5–7 In recent years, A.
americanum has been increasingly reported in areas
endemic for Lyme disease.6,8 Because a clinical
diagnosis of early Lyme disease is often based on
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the presence of an EM rash, the increasing area of
overlap where both tick vectors are present creates
difficulties for diagnosis and treatment of patients
with EM in these regions.

Other than the known tick association, the eti-
ology, natural history, and appropriate treatment of
STARI remain largely unknown. Wormser et al9,10

compared microbiologic and clinical characteristics
of patients who had EM rashes in New York (an
area endemic for Lyme disease) and Missouri (a
nonendemic area). Although 75% of patients from
New York were seropositive for antibodies to B.
burgdorferi, all patents with EM from Missouri were
seronegative. The EM rashes, although generally
similar in appearance, were slightly smaller, more
circular, and more likely to have central clearing in
Missouri patients than New York patients. In ad-
dition, Missouri patients had a milder illness with a
shorter duration and fewer symptoms.10

Several studies have investigated the role of Bor-
relia lonestari and Rickettsia amblyommii as possible
etiologic agents of STARI, but the results have
indicated that they are unlikely to be the causal
agents.9,11,12 Without an understanding of the eti-
ology of STARI, development of clinical and sur-
veillance case definitions and laboratory methods to
differentiate STARI from early Lyme disease is not
possible. Because the etiology of STARI remains
unknown it is difficult to develop evidence-based
treatment guidelines for STARI patients. For these
reasons it is imperative that the etiology of STARI
be determined.

Difficulties with recruiting patients who have
STARI and obtaining suitable biological specimens
and clinical data have been limiting factors in the
research efforts toward identifying the etiology of
STARI. Convalescent serum samples, which re-
quire the patient to return for a second visit several
weeks after the initial visit, can be particularly dif-
ficult to obtain. Because it is likely that the majority
of STARI patients present to primary care physi-
cians, the primary care office is a logical setting in
which to seek to obtain biological specimens for
research. However, practice-based research studies
tend to suffer from problems with recruitment and
retention of primary care physicians because of
such issues as a lack of interest in the research topic,
the requirement of a large time commitment, poor
compensation, not having a voice in the research
process, and not seeing the results of experimental
tests as they are performed.13,14

Practice-based research networks (PBRNs) have
become an important mechanism to involve pri-
mary care physicians in clinical and epidemiological
research. In this article we describe a partnership
between microbiologists at the US Centers for Dis-
ease Control and Prevention (CDC) and a state-
wide PBRN for the purpose of obtaining patient
specimens to help identify the etiologic agent of
STARI. We describe the methods used to engage
primary care physicians in this basic science re-
search and to complete a complex data collection
protocol.

Methods
In 2006 the North Carolina Family Medicine Re-
search Network was contacted by the CDC and the
North Carolina state epidemiologist for assistance
in identifying physicians to participate in a research
protocol to collect clinical information and biolog-
ical specimens from patients who had STARI. At
the time, the CDC had a multistate protocol in
place that allowed physicians to submit serum,
blood, and skin biopsy samples from patients who
had STARI to the CDC, but had limited success in
enrolling STARI patients.

Data Collection Sites
To identify a geographic region with a high prob-
ability of finding cases of STARI, we surveyed
providers at 5 practices: 3 in eastern and 2 in central
North Carolina. Practices were selected using a
convenience sample from regions that, according to
state epidemiologic data, had frequently reported
cases of EM in previous years. After observing a
presentation about STARI, providers in each prac-
tice were surveyed regarding the number of cases
they had seen in the previous year and whether they
would be interested in participating in a research
protocol. The results of the preliminary survey are
shown in Table 1. Among the 5 practices, only
those in eastern North Carolina reported an aver-
age of greater than one STARI case per provider in
2007.

Based on the results of the survey we decided to
focus our data collection efforts in eastern North
Carolina. In addition to the 3 practices included in
the survey, we also recruited a fourth practice in
this region. In each practice, one provider was
identified to act as site coordinator. Pamphlets con-
taining information about the study and photo-
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graphs of STARI rashes were placed in patient
waiting rooms and handed out to all nurses and
physicians in each practice. All other providers
within each practice were asked to refer all STARI
patients to the site coordinator for study recruit-
ment and enrollment. The site coordinators at-
tended training to learn the study protocol and to
practice data collection and collection of skin bi-
opsy specimens. The training session included a
detailed discussion and review of the study protocol
and study forms. All physicians were also required
to practice performing data collection using the
actual forms and kits to be used in the study. Skin
punch biopsy technique was reviewed using pig
feet as specimens. In addition, weekly emails
were sent to all site coordinators to update them
on the progress of the study and to encourage
continued participation. All project staff and
physicians were given access to a secure Internet
site (http://blackboard.unc.edu), which was created
specifically for the study and housed electronic
copies of all study protocols and documents. The
study protocol was approved by the institutional
review boards for the protection of human research
subjects at the CDC, the University of North
Carolina (UNC), and Eastern Carolina University.
Study physicians completed human research ethics
training and were approved under either the UNC
or Eastern Carolina University institutional review
boards.

After the first month of the study (May 2008),
which was reportedly the start of the peak of “tick
season” for A. americanum,15 no patients had been
enrolled. Therefore, 3 modifications were made:
(1) a new site was recruited in central North Caro-
lina—a large academic site in which a junior
faculty member agreed to coordinate data collec-
tion; (2) notices about STARI and about the study

were placed in local newspapers in the areas where
the practices were located; and (3) a university-
based student research assistant began carrying a
mobile phone so as to be available to screen respon-
dents to the newspaper notices and to answer ques-
tions from the study physicians. Patients who were
recruited through the newspaper advertisements
were referred to the designated on-call site coordi-
nator or the site coordinator who was located near-
est to the patient’s residence. This phase of the
study was conducted from May 1 through August
31, 2008, after which the study was discontinued
for the year because the season of greatest risk of
lonestar tick bites had ended in the study commu-
nities.

A second period of patient recruitment was or-
ganized the following spring. This time only sites
in central North Carolina were included because
the majority of subjects in year 1 had been recruited
in that region. Three new study physicians were
recruited (the site coordinator from the year be-
fore, who had enrolled 7 of the 10 subjects, was not
available). All 3 physicians had practices based in
central North Carolina and had expressed interest
in STARI and other tick-borne diseases. The pro-
vider training session and start of patient recruit-
ment took place in early April 2009. Patients were
enrolled from the middle of April until June 1,
2009.

Patient Recruitment Criteria
The eligibility criteria included age 18 years or
older; the ability to provide written consent; an
annular, erythematous, expanding EM-like rash
that started within 2 weeks (2008) or 4 weeks (2009)
of the enrollment visit and that was at least 5 cm in
diameter; a history of tick bite at the rash site or
potential exposure to ticks within 2 weeks (2008) or

Table 1. Results of a Survey of Primary Care Providers Before Study Initiation

Practice Providers Surveyed (n)

Providers Interested
in Participating in

the Study (n)

Provider Estimates of STARI Cases Seen during
2007

Cases Seen by Practice
(Total n)

Cases Per Provider
(Mean)

Eastern NC 1 3 2 6 2.0
Eastern NC 2 4 4 12 3.0
Eastern NC 3 3 3 37 12.3
Central NC 1 29 21 5 0.17
Central NC 2 6 4 6 1.0

STARI, Southern tick-associated rash illness; NC, North Carolina.
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4 weeks (2009) before onset of the rash (differing
time frames for onset of the rash and tick bite
history were the result of a requested change in the
protocol by the CDC to reflect evolving case def-
initions); no alternative explanation for the rash;
consent to providing skin biopsies during the initial
visit and blood samples at both the initial and fol-
low-up visits; and consent to storage of biologic
samples for later testing. Physicians were instructed
to exclude patients who met any of these criteria:
currently taking antibiotics; rash location on the
face, neck, or genitals; hemophilia or other coagu-
lopathy or taking warfarin; immunocompromised;
a history of or risk factors for a severe skin or
wound infection; a history of keloid formation;
pregnancy; or any unstable medical condition. Pa-
tients who were eligible for the study and who
expressed interest in participating were asked to
complete the informed consent process.

Data and Specimen Collection Procedures
Once a potential study participant was identified,
the site coordinator conducted a preliminary inter-
view to determine whether study eligibility criteria
were fulfilled. If so, the site coordinator arranged to
see the patient within 24 hours to ensure timely
collection of clinical specimens. Because STARI
rashes may fade quickly, it was imperative that the
samples be collected as soon as possible after the
onset of the rash and before taking antibiotics to
increase the likelihood of finding any infectious
agent(s) that might play a role in the etiology of
STARI.

Physicians completed a patient interview and
physical examination, recording clinical and tick
exposure information. Several photographs of the
rash were taken to document its size, shape, and
coloring. The biologic specimens collected from
the patient during the first visit included serum,
anticoagulated whole blood, and 2, 2-mm skin
punch biopsies. When available, the tick that was
attached to the bite site, either removed by the
physician or brought in by the patient, was col-
lected and submitted to the CDC along with the
patient specimens. Patients were provided with
wound care instructions to prevent infection of the
skin biopsy sites.

All patients were asked to return for a follow-up
visit 3 to 6 weeks after the first visit. During this
visit a patient interview and physical examination
were completed and a convalescent serum sample

was collected. Patients were reimbursed $200 for
the first study visit and $100 for the follow-up study
visit. Physicians were reimbursed $1000 per patient
who was enrolled in the study. Inclusion of a pro-
tocol checklist (Figure 1) in the packet of study
forms in each specimen collection kit proved to be
a useful strategy for ensuring completion of all
required components (including informed consent,
patient and provider compensation forms, data col-
lection forms, and specimen collection). Samples,
data collection forms, and a copy of the consent
form were shipped overnight to the CDC labora-
tory in Fort Collins, CO. Copies of all study forms
were also mailed to the study coordinators at UNC,
who were responsible for patient tracking and dis-
bursement of patient and physician incentives.

The CDC was an active partner in the project. A
CDC scientist attended both data collector training
sessions, lending expertise and emphasizing the im-
portance of the project. During data collection,
CDC staff conducted follow-up calls or E-mails
with the study physicians after each patient was
enrolled, fielded questions from physicians, and
sent new specimen collection kits as needed. One
patient contacted the CDC directly and was re-
ferred to one of the site coordinators for enroll-
ment into the study. Once the samples were re-
ceived by the CDC they were processed, tested,
and stored for further serologic and molecular anal-
yses.

Results
In 2008, 10 patients were successfully enrolled dur-
ing 16 provider-months of data collection; of these,
7 were recruited by the new study physician in
central North Carolina. In 2009, 13 patients were
successfully enrolled during 4.5 provider-months
of data collection, for a final total of 23 study
participants (Table 2). The majority of the study
participants were identified and recruited directly
by the site coordinators from their own patients or
through referral from another physician within
their practice.

The newspaper notices generated a large re-
sponse from the general community. Of the 28 calls
received in April and May of 2009, most were
patients who had a small localized reaction to a
recent tick bite that was not large enough to qualify
them for the study (and which is a common reac-
tion to irritating tick saliva), or were persons who
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Figure 1. Protocol checklist used by study physicians for patient enrollment and data collection.

UNC STARI Study 

Protocol Check List 

 Confirm that the patient is interested in participating in the study. 

 Confirm that the patient passes the eligibility & exclusion criteria: 

Eligibility Criteria Exclusion Criteria 
• At least 18 years old 
• Able to provide written consent 
• Annular, erythematous, expanding EM-like rash 

that began within 4 weeks of the visit to provider’s 
office and is at least 5 cm in diameter 

• History of tick bite at the rash site OR potential 
exposure to ticks within 4 weeks before rash onset  

• No alternative explanation for the rash 
• Will consent to skin biopsy and blood sample now 

and blood sample 3-6 weeks later 
• Will consent to storage of biologic samples for 

later testing 

• Currently taking antibiotics 
• The EM rash is on the face, neck or genitals 
• Has hemophilia or other coagulopathies, or 

taking warfarin (Coumadin)   
• Currently undergoing chemotherapy or otherwise 

severely immunocompromised 
• Past history of, current problem with, or 

anticipated severe skin or wound infections. 
• History of keloid formation 
• Pregnant  
• Non-English speaking (unless you are fluent in 

his/her language) 
• Medically unstable (at discretion of provider) 

 Proceed through informed consent process. Have patient sign three (3) copies of the consent form (one each 
for UNC, CDC, and your practice’s records) and give him/her a fourth, blank copy to retain. 

 Have patient sign HIPAA Authorization and give him/her a blank copy to retain. 

 Have the patient sign Social Security Number Disclosure Addendum and Patient Reimbursement Form. 

 Assign a unique Subject Record Number.  Mark it on the Subject Tracking Form. 

 Complete the Laboratory Submission Form for Southern Tick-Associated Rash Illness (STARI) Specimens. 
Make a copy of this form to be mailed to UNC.  The original will be mailed to the CDC. 

 Photograph the rash with ruler (labeled with subject ID sticker) in the frame.  Mark photo numbers on 
Subject Tracking Form. 

 Collect (2) skin biopsies, placing them in separate saline tubes included in the kit, and refrigerating them. 

 Collect Unclotted (purple topped tube) and Clotted (red/grey topped tube) serum samples. 

 Label all specimen tubes with Subject Record Number using a permanent marker 

 Schedule a follow-up appointment. Mark it on the Subject Tracking Form along with contact method to 
remind him/her of the appointment. 

 Ship to CDC: 

 Itemized list of contents 
 1st Signed Informed Consent Form 
 Laboratory Submission Form 
 All blood and tissue specimens with gel-type ice packs 
 Tick (if applicable) 

Ship to: 
CDC Foothills Campus  
Bacterial Diseases Branch 
3150 Rampart Road 
Fort Collins, CO 80521 
ATTN: Mr. XXXXX (970) XXX-XXXX 

 Mail to UNC: 

 2nd signed Informed Consent Form  
 Signed HIPAA Authorization Form  
 Signed Social Security Number Disclosure Addendum 
 Copy of Laboratory Submission Form 
 Completed Practice Reimbursement Form 
 Completed Patient Reimbursement Form 

Mail to: 
XXXXX XXXXX 
Cecil G. Sheps Center
CB#7590 

 Chapel Hill, NC 27599-7590  

 Before the patient leaves be sure he/she has a: 

 Unsigned copy of consent form and HIPAA authorization  

 Wound Care Instruction Sheet 

 FOLLOW-UP APPOINTMENT 

 Contact [study coordinator] for a replacement kit: (919) XXX-XXXX 
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wanted more information about tick-borne dis-
eases. Only 4 of the 28 people (14%) who re-
sponded to the newspaper notices in 2009 were
eligible to be enrolled in the study; the others did
not meet eligibility criteria, with the primary rea-
sons for noninclusion being a rash of insufficient
size or previous treatment with antibiotics. All eli-
gible patients who had telephoned were enrolled in
the study. Records were not kept on the total num-
ber of calls and number of participants recruited
through the newspaper notices in 2008. All patients
who had been recruited through the newspaper
notices were seen by one of the site coordinators
and enrolled into the study within 48 hours of
contacting the study coordinator.

During the 2 seasons of data collection, the
study achieved 100% success in obtaining biopsy
and acute and convalescent serum specimens. Re-
covery of tick specimens was less successful, how-
ever, with a tick being collected from only 5 of the
23 patients (22%).

Discussion
The goal of the study was to collect biologic
specimens and clinical histories from 12 to 20
patients who had STARI symptoms in North
Carolina. Previous efforts to recruit and enroll
STARI patients using the CDC’s protocol had
met with limited success. Through a collabora-
tive partnership involving the CDC and a PBRN,
recruitment and project coordination strategies
were implemented that allowed the project to
meet and even exceed its data collection goals.
When an initial strategy was not successful, the
protocol and study sites were modified to im-
prove study yield.

Several lessons learned from this experience may
be applicable to other studies aimed at recruiting
patients with rare conditions from primary care
offices:

1. We identified practices in high-risk areas and
recruited physicians who expressed an interest
in the study topic. Although a preliminary sur-
vey can be helpful in the selection of practices
for participation, the investigative team must
be prepared to make rapid adjustments if, for
unanticipated (and in this case unclear) reasons,
data collection procedures do not fulfill expec-
tations.Ta
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2. The study was coordinated by a university-
based study team, a process that helped assure
adherence to the protocol and allowed for
rapid changes in the study protocol after it did
not meet with success during the initial weeks
of the study.

3. Providers were offered an incentive ($1,000 per
enrollee) that was similar to that used in phar-
maceutical drug trials, given the need to dis-
rupt busy schedules and to devote time to the
enrollment and data collection process. Several
of the most successful providers arranged to
meet study participants during off hours (eg, at
7:00 am).

4. The continuous availability of the project co-
ordinator to answer calls from respondents to
the newspaper notices and site coordinators
allowed for rapid patient assessment and visit
scheduling. The site coordinator was also re-
sponsible for ensuring that all study physicians
had several specimen collection kits on hand so
that patients could be enrolled in the study
immediately after they were identified. The
timely collection of specimens had been a chal-
lenge in a previous CDC multistate protocol
because specimen collection kits had to be
shipped to the physician once an eligible pa-
tient was identified, and in some cases the rash
would fade before a skin biopsy could be col-
lected.

5. Weekly E-mails and use of an Internet site for
communication provided a mechanism to keep
physicians engaged in the study.

6. An interactive and comprehensive training ses-
sion ensured that the physicians learned and
understood the study protocol. The in-person,
hands-on training also allowed us to engage the
study physicians and give them an opportunity
to ask questions and make suggestions for im-
provement of the protocol.

7. Additional recruitment using newspaper adver-
tisements yielded a few cases in this project and
may be useful in other studies where rare con-
ditions are sought; however, such an approach
is likely to require considerable effort to iden-
tify the minority of respondents who meet
study inclusion criteria.

Conclusion
This report describes one of the first basic science
research studies using a PBRN. The strategies used

to address the challenges of physician and patient
recruitment and complex data collection can pro-
vide guidance to investigators of future PBRN-
based studies.

We would like to thank the primary care providers who enrolled
patients in this study. We also thank Julia Thorp for managing
patient and physician payments, and Paul Bray, MA, for assisting
with project coordination in eastern North Carolina.

This research study was conducted by the North Carolina
Network Consortium, a state wide collaboration of 6 PBRNs
whose mission is to address pressing questions related to the
delivery of primary care health services and the management
of primary care problems. Participating PBRNs in this study
included the North Carolina Family Medicine Research Net-
work and the Eastern Carolina Association for Research and
Education. The North Carolina Network Consortium is ad-
ministered by the Cecil G. Sheps Center for Health Services
Research at the University of North Carolina at Chapel Hill.
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