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Abstract 

The aim of this study was to determine the cause of illness in several human patients residing in 
Florida and Georgia, USA, with suspected Lyme disease based upon EM-like skin lesions and/or 
symptoms consistent with early localized or late disseminated Lyme borreliosis. Using polymerase 
chain reaction (PCR) assays developed specifically for Lyme group Borrelia spp., followed by DNA 
sequencing for confirmation, we identified Borrelia burgdorferi sensu lato DNA in samples of blood 
and skin and also in lone star ticks (Amblyomma americanum) removed from several patients who 
either live in or were exposed to ticks in Florida or Georgia. This is the first report to present 
combined PCR and DNA sequence evidence of infection with Lyme Borrelia spp. in human patients 
in the southern U.S., and to demonstrate that several B. burgdorferi sensu lato species may be 
associated with Lyme disease-like signs and symptoms in southern states. Based on the findings of 
this study, we suggest that human Lyme borreliosis occurs in Florida and Georgia, and that some 
cases of Lyme-like illness referred to as southern tick associated rash illness (STARI) in the 
southern U.S. may be attributable to previously undetected B. burgdorferi sensu lato infections. 
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Introduction 
Lyme borreliosis (LB), the most frequently re-

ported arthropod-borne infection in the United States 
[1], is caused by several species within the Borrelia 
burgdorferi sensu lato genogroup. Borrelia burgdorferi 
sensu lato includes at least 20 genospecies worldwide, 
seven of which are present in North America: B. 
americana, B. andersonii, B. bissettii, B. burgdorferi sensu 
stricto (hereafter referred to as just B. burgdorferi), B. 
californiensis, B. carolinensis, and B. kurtenbachii [2-9]. 
Borrelia burgdorferi has been widely reported as the 
only genospecies responsible for human disease in the 
U.S.; however, strains similar to B. bissettii have been 
identified in serum of several human cases in Cali-
fornia using molecular methods [10]. 

In the northeastern U.S., B. burgdorferi spiro-
chetes are transmitted to humans most commonly by 
nymphal stages of the blacklegged tick, Ixodes scapu-
laris [11], and maintained in nature primarily by small 
rodents [7, 12-13]. In the southern and western U.S., 
immature stages of the Ixodes spp. vector ticks for B. 
burgdorferi feed primarily on lizards [14, 15, 16]. Borre-
lia burgdorferi sensu lato spirochetes have been iso-
lated from birds, rodents, and ticks in southern and 
western states [6, 7, 17-19], and have been detected by 
molecular methods in wild lizards in Florida, South 
Carolina, and Maryland [20, 21]. Despite hundreds of 
reported cases of human Lyme disease from southern 
states each year, however, B. burgdorferi sensu lato 
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have been isolated in culture from only a few human 
cases in the region [22-23].  

Since the first report describing molecular detec-
tion of the hard tick relapsing fever group Borrelia 
species B. lonestari [24], numerous studies have been 
published describing its presence throughout the 
eastern U.S. where it has been shown to commonly 
infect lone star ticks (Amblyomma americanum) [25-31]. 
This organism has been considered and investigated 
as the possible cause of Lyme-like illness, often re-
ferred to as southern tick associated rash illness 
(STARI), in humans in the southern U.S. [25, 27, 29, 
31-33]. However, despite the efforts to date, very little 
evidence has been obtained that supports the notion 
that B. lonestari is the cause of STARI [34]. For exam-
ple, a microbiologic study of 30 Missouri patients with 
erythema migrans (EM)-like skin lesions concluded 
that neither B. burgdorferi nor B. lonestari was likely to 
be the cause [33], because the investigators were una-
ble to culture spirochetes from skin biopsy specimens 
from any of the patients. A study of 14 cases of 
EM-like rash illness at a camp in North Carolina also 
failed to isolate spirochetes from patient skin biopsies. 
Only two patients had positive B. burgdorferi ELISA 
results using flagellar antigens, but nine of 14 had IgM 
and IgG Western immunoblot 41-kDa (flagellin) posi-
tive bands on acute and earliest convalescent phase 
samples [35], which is suggestive of possible Borrelia 
sp. infection [36]. Another similar study of 17 patients 
with EM lesions in Missouri [37] also failed to isolate 
spirochetes in BSK medium; however several patients 
had positive Western Blot bands, including that for 
the 41-kDa protein and others that are suggestive of a 
Borrelia sp. infection [37], but also not providing evi-
dence conclusive of Lyme borreliosis. All of these 
findings have led investigators to pursue the hypoth-
esis that some Borrelia sp. other than B. burgdorferi 
sensu lato was responsible for the observed human 
Lyme-like manifestations. Nevertheless, to date only 
one published case report has documented evidence 
of the presence of B. lonestari in association with early 
Lyme-like illness and an EM-like skin lesion in a pa-
tient with an attached lone star tick obtained in either 
North Carolina or Maryland [32]. 

Complicating the investigation of the cause of 
Lyme-like illness in the southern U.S. is the presence 
of other tickborne pathogens that are known to occur 
in the region. These include, for example, Anaplasma 
phagocytophilum [38-39], the cause of human granulo-
cytic anaplasmosis, Ehrlichia chaffeensis [40], the cause 
of human monocytic ehrlichiosis, Babesia microti [41], 
the primary cause of human babesiosis in the U.S. 
[42], and Rickettsia spp. [43].  

The aim of this study was to determine the cause 

of illness in several human patients residing in Florida 
and Georgia, USA, with suspected Lyme disease 
based upon EM-like skin lesions and/or symptoms 
consistent with early localized or late disseminated 
Lyme borreliosis. Using polymerase chain reaction 
assays (PCR) specific for Lyme group Borrelia spp., 
followed by DNA sequencing for confirmation, we 
identified B. burgdorferi sensu lato DNA in samples of 
blood and skin, and also in lone star ticks removed 
from several patients who either live in or were ex-
posed to ticks in Florida or Georgia. This is the first 
report to show combined PCR and DNA sequence 
evidence of infection with Lyme Borrelia spp. in hu-
man patients in the southern U.S., and to demonstrate 
that several B. burgdorferi sensu lato species may be 
associated with Lyme disease-like signs and symp-
toms in southern states. 

Materials and Methods 
Human patient and control samples. Beginning 

in 2003, the University of North Florida Environmen-
tal Epidemiology Laboratory (UNF Lab) began re-
ceiving for microbiologic testing human blood or 
other body fluids, skin biopsy samples, and attached 
ticks from patients suspected of having Lyme disease 
(UNF IRB approval #06-140) as part of ongoing stud-
ies of tick-borne diseases in the southern U.S. The 
present study describes results for samples submitted 
by attending physicians of 10 patients during the pe-
riod March 2003 through December 2012. As part of 
the study, a questionnaire was completed for each 
patient to obtain basic demographic data, travel his-
tory prior to onset of signs/symptoms, tick exposure, 
and clinical data. Details of samples obtained and 
tested for each patient are described below in the re-
sults section. As part of the study, in 2007 we also 
obtained blood from 12 control patient samples pro-
vided by an internal medicine practice in central 
Florida. The control patients did not have symptoms 
consistent with borreliosis. These samples were used 
for multiple negative control DNA extractions uti-
lized in PCR testing throughout the remainder of the 
study. 

Borrelia culture isolation. Spirochete culture 
isolation was attempted with multiple samples of 
whole blood or plasma (aliquots of 100 to 500 µl per 
culture) preserved in EDTA from a few patients, and 
from 2-mm skin biopsy punch specimens taken from 
EM lesions from two patients. Each template type was 
inoculated into tubes containing 4 mL of BSK-H com-
plete culture medium supplemented with antibiotics 
(Sigma, St. Louis, MO) for isolating Borrelia [44], in-
cubated at 33°C, and examined weekly for spirochetes 
by darkfield microscopy for a minimum of eight 
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weeks. During each attempt to culture spirochetes 
from a human patient, samples from a B. burgdorferi 
strain B31 reference strain were also inoculated and 
maintained in culture to ensure the ability of the me-
dium to support spirochete growth. 

DNA extraction. For all samples, DNA extrac-
tions were done inside a Class II biosafety cabinet, 
and utilized a commercially available kit (MasterPure, 
Epicentre, Madison, WI) with optimized modifica-
tions of the manufacturer’s protocols as described 
below. DNA was extracted from 2-mm skin punch 
biopsies, dried blood spots (obtained from one pa-
tient), and ticks in the same manner as that used for 
dried blood spots or tick specimens in previous stud-
ies [20, 45]. From 300 to 500 µl of EDTA anticoagu-
lated blood, or 100 µl of plasma, was used as starting 
template for DNA extractions from patient and con-
trol EDTA whole blood samples by adjusting the 
proportion of kit reagents according to the manufac-
ture’s recommendations. DNA pellets were rehy-
drated with 100 µl of TE buffer. Negative control 
samples free of any template were included in each 
round of DNA extractions.  

PCR testing. Extracts from all samples were 
screened by nested PCR using primer sets designed to 
amplify a portion of the conserved 41-kDa chromo-
somal flagellin gene (flaB) from B. burgdorferi sensu 
lato. Some samples received earlier in the study were 
tested with a previously described flaB gene PCR [20, 
45]. Additionally, all samples obtained after 2006 were 
screened with newer primers: outer reaction primers 
280F (5’-GCA-GTT-CAR-TCA-GGT-AAC-GG-3’, bp 
280-299) and 754R (5’-TAG-CAA-GTG-ATG-TAT- 
TRG-CAT-CAA-C-3’, bp 754-730), which amplify a 
475-bp product; and inner reaction primers 301F (5’- 
ACA-TAT-TCA-GAT-GCA-GAC-AGA-GG-3’, bp 
301-323) and 737R (5’-GCA-TCA-ACT-GTR-GTT- 
GTA-ACA-TTA-ACA-GG-3’, bp 737-709) that amplify 
a 437-bp product or 301F plus 690R (5’-GAA-GGT- 
GCT-GTA-GCA-GGT-GCT-GGC-3’) [46] that ampli-
fies a 390-bp product.  

First round PCR amplifications contained 2.5 µl 
of DNA extract per individual sample in a total reac-
tion volume of 25 µl. Each inner/nested reaction used 
1 µl of outer reaction product as template. All reac-
tions utilized GoTaqGreen® PCR master mix 
(Promega, Madison, WI) resulting in a final concen-
tration of 1.25 U of Taq DNA polymerase, 1.5 mM 
MgCl2, 200 µM of each deoxynucleoside triphosphate, 
and 0.8 µM of each primer, and were carried out in an 
automated DNA thermal cycler (PTC 200, MJ Re-
search, Watertown, MA). Each primary PCR consisted 
of initial denaturation at 94°C for 2.5 min, followed by 
35 cycles of 94°C for 30 sec, primer annealing at 52°C, 

30s, and extension at 72°C for 45 sec, with a final ex-
tension at 72°C for 5 min. Nested reactions included 
initial denaturation at 94°C for 1.5 min, followed by 35 
cycles as described for outer reactions, but with an 
annealing temperature of 55°C.  

PCRs were set up in an area separate from DNA 
extractions, and within a PCR clean cabinet 
(CleanSpot Workstation, Coy Laboratory Products, 
Grass Lake, MI) equipped with a germicidal UV lamp. 
Other precautions to prevent carryover contamination 
of amplified DNA included different sets of pipettes 
dedicated for DNA extraction, PCR setup, and 
post-amplification activities, the use of aerosol barrier 
filter pipet tips, and soaking pipettes used for han-
dling DNA samples in 10% bleach solution after setup 
of each PCR. Each outer PCR included a negative 
control sample with nuclease free TE buffer as tem-
plate, and a positive control sample from B. burgdorferi 
B31 culture extract. Negative control patient blood 
samples were included routinely in DNA extractions 
and PCR testing throughout the study period. A por-
tion of the positive and negative control outer reaction 
PCR samples was carried over as template in each 
nested reaction, just as for study patient samples. PCR 
products were electrophoresed in 2% agarose gels, 
which were stained with ethidium bromide, and vis-
ualized and recorded with a digital gel documenta-
tion unit. 

DNA sequence analysis. PCR products from 
positive samples were purified using the Wizard® SV 
Gel and PCR Clean-Up System (Promega, Madison, 
WI). DNA templates were sequenced [45] using both 
the forward and reverse primers used in the nested 
PCRs. Investigator-derived sequences were compared 
with those obtained by searching the GenBank data-
base (National Center for Biotechnology Information) 
using the Basic Local Alignment Search Tool (BLAST) 
[48], and aligned using Clustal X [49]. Unique nucleo-
tide differences among sequences in this study com-
pared to reference strains were confirmed by com-
paring both the forward and reverse primer sequence 
data. A phylogenetic tree was constructed using the 
Neighbor Joining (NJ) method [50, 51] with the 
tree-building program MEGA5 [52]. To estimate node 
reliability, bootstrap values [53] based on an analysis 
of 1,000 replicates were determined. Evolutionary 
distances were computed by the maximum composite 
likelihood method [54].  

Nucleotide sequence accession numbers. The 
GenBank accession numbers for B. burgdorferi sensu 
lato flaB gene sequences generated in the present 
study are FJ188419, FJ188427, FJ188428, FJ188430, and 
KC607890 through KC607901. Borrelia burgdorferi 
sensu lato reference strain flaB sequences in Genbank 
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included in comparisons are: B. burgdorferi B31 
(X15661), JD-1 (CP002312), and SCI-2 (AF264885); B. 
americana SCW-30h (AF264886) and SCW-33 
(EU081293); B. andersonii 19857 (D83762) and SI-10 
(AF264883); B. bissettii DN127 (D82857); B. carolinensis 
SCGT-18 (EU076498); B. kurtenbachii 25015 (FJ188426); 
B. afzelii ACA1 (X75202); and B. garinii Ip90 (X75203).  

Results 
Using the same methods as those described for 

experimental patients, blood samples from control 
patients all tested negative by PCR for Lyme Borrelia 
DNA. Table 1 describes demographic and clinical 
characteristics and tick bite history for the patients, 
along with PCR testing results for ticks removed from 
a few patients. Table 2 summarizes the patients’ clin-
ical laboratory test results for Lyme disease, the pre-
sent study’s PCR testing and DNA sequence results 
for B. burgdorferi sensu lato, and patient diagnoses 
from different health care providers.  

Patient 1. In April 2003, the UNF Lab received a 
blood sample submitted by a clinician in St. Mary’s, 
Georgia for a patient who sought care for a suspicious 
skin rash and vague flu-like symptoms following a 
tick bite (sp. not identified) acquired in March. The 
patient was a 23-year-old female college student who 
had not traveled outside the Jacksonville, FL and St. 
Mary’s, GA area for several years. The patient had a 
disseminated rash consisting of faint multiple round 
and oval lesions (no less than 20 documented and 
measured) between 1 and 5 cm diameter, some with 
and some without clear central areas, located on her 
arms, legs, hips, and back. The patient reported that 
the rash had been present for about one month. The 
attending clinician also sent a blood sample to a clin-
ical diagnostic laboratory for Lyme enzyme immu-
noassay (EIA) antibody testing. The patient was di-
agnosed with a viral infection, but a two-week course 
of oral doxycycline was prescribed. The rash resolved 
over the next several weeks.  

 

Table 1. Demographic and clinical characteristics of study patients, and Borrelia burgdorferi sensu lato detected in attached 
ticks. 

Patient Age (yr) Gender Residence 
(state) 

Primary symptoms Duration 
of illness 

Persistent symptoms EM lesion Tick bite history Tick PCR 
result 

1 23 F GA Fatigue 8 yr Fatigue, rashes, iritis, 
arthralgia, colitis 

Multiple, dis-
seminated, 
recurrent 

Single (un-
known sp.) 

— 

2 50 F FL Headache, fatigue, 
fitful sleep, cogni-
tive  

27 yr Fatigue, cognitive, 
arthralgia, fever, chills, 
rashes 

Multiple Multiple (un-
known spp.) 

— 

3 25 F FL Fatigue, 
headache 

2 mo None Single Suspected adult 
I. scapularis 

— 

4 4 F GA Fatigue, 
headache, 
leg pain 

3 mo Not known No A. americanum, 
adult female 

B. burgdor-
feri 

5 44 F GA Nausea, arthralgia, 
lymphadenopathy 

3 yr Fatigue, arthralgia, 
myalgia, cognitive 

Single Multiple A. 
americanum 

— 

6 38 F FL Optic neuritis, fa-
tigue, headache, 
neck/back pain  

12 yr Fatigue, headache, 
neck/back pain, GI 

Single Multiple (un-
known spp.) 

— 

7 50 M FL None 2 mo None Single A. americanum, 
adult female 

B. burgdor-
feri 

8 49 M GA Tremors, balance, 
foot drop 

7 yr Motor function, bal-
ance 

No Multiple (A. 
americanum sus-
pected) 

— 

9 42 M FL Lymphadenopathy, 
fatigue, headache, 
stiff neck 

2 yr Fatigue, headache, stiff 
neck 

No A. americanum, 
nymphs and 
adults 

— 

10 69 M FL Arthralgia, cogni-
tive, prostatitis 

1 yr Cognitive, prostatitis No Uncertain — 
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Table 2. Results for Lyme enzyme immunoassay (EIA) and Western Blot (WB) antibody tests, BSK spirochete culture, and 
Borrelia burgdorferi sensu lato PCR test results, and clinical diagnoses of study patients. 

Patient  
Samplea 

 
Lyme EIA 

 
Lyme WB 

 
BSK culture 

 
B. burgdorferi PCRb 

Diagnosesc 

1 Serum (Apr 2003) Neg — — — Chronic viral 
 Blood (Apr 2003) — — — B. andersonii infection, colitis 
2 Serum (1994) — — — — Fibromyalgia, CFS, 

Meniere’s  
 Urine (1998) — — — — disease, RA, lupus, MS,  
 Blood (Feb 2004) — — Neg B. americana Lyme disease, 
 Blood (Feb 2009) — — — B. americana babesiosis 
3 Serum (Nov 2007) Neg — — — Lyme disease 
 Blood (Nov 2007) — — Neg B. americana  
 Skin biopsy (Nov 2007) — — Neg B. americana  
4 Serum (Apr 2009) Neg — — — Not known 
 Blood (Apr 2009) — — — B. burgdorferi  
5 Serum (Apr 2009) Equivocal — — — Sinus infection,  
 Serum/Blood (Jun 2010) Neg — — B. burgdorferi sleep apnea 
 Serum, Blood (Jul 2010) — IgM 18, 23-25, 34, 41, 58 — Neg  
6 Serum (May 2001) Pos (1.31) IgG 41 — — Optic neuritis, 
 Serum (Nov 2001) Pos (1.52) IgM 23; IgG 41 — — MS, Lyme 
 Blood (Jan 2010) — — — B. andersonii disease 
 Blood (Feb 2010) — — — B. burgdorferi  
 Plasma (Dec 2012) — — — B. burgdorferi  
7 Serum (Apr 2010) — IgM 41; IgG 41 Neg — Lyme disease 
 Blood (Apr 2010) — — Neg Neg  
 Skin biopsy (Apr 2010) — — Neg B. burgdorferi  
 Serum (Aug 2010) — IgM 41; IgG 41 Neg —  
8 Serum (Jul 2010) — IgG 41 — — ALS, Lyme 
 Serum (Jul 2011) — No bands — — disease, 
 Blood (Dec 2011) — — — B. burgdorferi babesiosis 
 Blood (Jun 2012) — — — B. burgdorferi  
9 Blood (Jun 2010) — — — Neg Lyme disease 
 DBS (Dec 2010) — — — B. andersonii  
 Serum (Jan 2011) — IgM 41 — —  
 Serum (Mar 2011) — No bands — —  
 Blood/DBS (Dec 2011) — — — B. burgdorferi  
 Serum (Jan 2012) — IgM 41; IgG 41, 39, 58 — —  
 Serum/Blood (May 2012) — No Bands — Neg  
 DBS (Jun 2012) — — — B. burgdorferi  
 Blood/plasma (Dec 2012) — — — B. burgdorferi  
10 Serum (Dec 2012) IFA 1:40 IgM 31, 41, 58; IgG 18, 

30, 34, 41, 58 
— — CJD, Lyme disease 

 Plasma (Dec 2012) — — — B. burgdorferi  
aDBS = dried blood spot. bPCR testing conducted at UNF Lab unless otherwise indicated. cALS= amyotrophic lateral sclerosis; CFS= chronic fatigue syndrome; 
CJD=Creutzfeldt-Jakob disease; MS=multiple sclerosis; RA= rheumatoid arthritis. 

 
 
The patient’s Lyme EIA test result was negative, 

and further clinical laboratory testing for Lyme dis-
ease or other tickborne infections was not conducted. 
However, the UNF Lab extracted DNA from an ali-
quot of the same blood sample and tested it with a 
previously described B. burgdorferi sensu lato specific 

flaB nested PCR assay [45]. Positive results were ob-
tained with the primer set using 301F and 690R as 
inner primers (the 737R primer was not in use in our 
lab at that time). The 355-bp flaB sequence (GenBank 
FJ188427) obtained from the patient’s blood was 
identical to several sequences in Genbank for B. an-
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dersonii (e.g., strain SI-10, AF264883). Over the next 
few years, the patient experienced recurrent similar 
rashes, ocular manifestations such as iritis or con-
junctivitis, constant fatigue, and arthralgias. Her 
symptoms persist to the present. All of these signs and 
symptoms were reported to have begun only after the 
tick bite and initial skin lesions in spring 2003, and she 
reports that no one else in her immediate or extended 
family experiences such symptoms.  

Patient 2. Patient 2 was a 50 year old female who 
was bitten by a tick in Minnesota in 1984, and expe-
rienced a multi-lesion rash on her back that resolved 
without treatment. Two years later, she began expe-
riencing headaches, fatigue, sleep disturbance, and 
cognitive problems. The patient moved to Jackson-
ville, FL in 1988, where she experienced another tick 
bite in 1990. Soon afterwards she developed vertigo, 
and was diagnosed with fibromyalgia and chronic 
fatigue syndrome at a clinic in Jacksonville. In 1992, 
various specialists in Gainesville, Miami, and Jack-
sonville evaluated her, and she was diagnosed by 
different doctors with Meniere’s disease, rheumatoid 
arthritis, lupus, multiple sclerosis, and asthma.  

In 1994, she tested borderline positive for Babesia 
microti antibody with a titer of 1:64. A different phy-
sician in Jacksonville, FL treated her for presumed 
borreliosis with intravenous ceftriaxone for three 
weeks, followed by oral doxycycline and azithromy-
cin. Her symptoms improved for a while, but then 
returned. She remained ill, and in February 2004, 
suspecting persistent borreliosis, her physician sub-
mitted a whole blood sample to the UNF Lab for re-
search testing. Blood samples were cultured in BSK as 
described above and DNA extracted from whole 
blood was tested for B. burgdorferi sensu lato flaB with 
primers being used in our lab at that time [20, 43]. 
Results of culture and PCR testing were negative. 
However, a portion of the 2004 blood sample was 
stored frozen, and a new extraction from that sample 
tested in 2008 using the newer B. burgdorferi sensu lato 
specific primers (described in this paper) gave posi-
tive results. The resulting 427-bp sequence (GenBank 
FJ188428) was 99.8% identical (426/427 bp) to B. 
burgdorferi sensu lato strain SCW-30h (GenBank 
AF264886), which was later characterized as the 
genospecies B. americana [9]. The patient’s flaB se-
quence had a minimum of eight bp differences with 
B31 (GenBank X15661) and other B. burgdorferi strains 
(e.g, strain JD1, GenBank CP002312), which represent 
the next most similar genospecies sequences.  

The patient moved to Georgia in 2004, and con-
tinued to experience extreme fatigue, low grade fe-
vers, sleep problems, myalgia, arthralgia, recurrent 
rashes, pain in the bottom of her feet, shortness of 

breath, and cognitive problems. In February 2009, the 
patient’s physician in GA submitted a new blood 
sample to the UNF Lab for testing. Culture was not 
attempted, but PCR results were positive for B. 
burgdorferi sensu lato flaB, and the sequence obtained 
was identical to the previously obtained B. americana 
flaB sequence. In 2009, the patient moved to North 
Carolina, where a physician diagnosed her with Lyme 
disease, babesiosis, and bartonellosis. She was re-
cently being treated with doxycycline, cefdinir, and 
rifampin, with improvement of symptoms.  

Patient 3. In November 2007, another female 
college student in her early twenties who lived in 
northern Florida was enrolled in the study after she 
saw a local clinician and received a presumptive di-
agnosis of Lyme disease. The patient sought care after 
experiencing flu-like symptoms and noticing an 
EM-like lesion on the back of her upper left arm (Fig. 
1). One week prior to onset, she had visited a Florida 
panhandle state park. She reported that she and oth-
ers in her party found several ticks on their clothing 
that day, but she did not notice any attached ticks. 
Approximately one week after beginning oral 
doxycycline treatment, both a blood sample and a 
tissue biopsy from the perimeter of the skin lesion 
were submitted to the UNF Lab by her clinician. After 
some non-specific flu-like symptoms lingered after 
the initial 21 days of treatment, another 30 days of 
doxycycline was prescribed, and the skin lesion and 
symptoms resolved without further recurrence. Cul-
ture isolation attempts with a portion of the skin bi-
opsy and blood samples were negative for spiro-
chetes. DNA samples extracted from the patient’s 
blood and skin biopsy were tested with the different 
primer sets described above. Both sample types tested 
positive. The 427-bp sequences (GenBank FJ188430) 
differed by only one bp from the flaB sequence of B. 
americana strain SCW-30h. Two of the authors (KLC, 
BL) visited the same park in early December 2007 and 
collected several adult I. scapularis from their clothing. 
One male tick, designated Is-TSP1, tested positive for 
B. burgdorferi sensu lato flaB, and the sequence (Gen-
Bank FJ188419) obtained was identical to that from the 
B. americana positive patient’s sample. 

Patient 4. In April 2009, the pediatrician for a 
four year-old female patient from the Atlanta, Georgia 
area submitted to the UNF Lab blood samples and a 
partially engorged tick that had been removed from 
the patient’s scalp by her parents approximately one 
week prior to the onset of headache, fever, malaise, 
and leg pain. The tick was easily identified as an adult 
female Amblyomma americanum. No skin lesion was 
observed at the tick bite site. The patient’s serum 
tested negative for Lyme antibodies by EIA at a clini-
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cal laboratory. DNA extracted from the patient’s 
blood and the tick tested positive for B. burgdorferi 
sensu lato flaB DNA. The sequences derived from the 
patient’s blood and the tick (GenBank KC607890 and 
KC607891, respectively) differed from each other by 
1-bp. The 428-bp sequence obtained from the tick was 
identical to that for B. burgdorferi B31. The 430-bp se-
quence from the patient’s blood was 99.8% 
(429/430-bp) identical to B31. The patient was treated 
with amoxicillin for one month with improvement of 
symptoms. Sometime within the next year, the pa-
tient’s family moved, and contact was lost. Therefore, 
further follow up was not possible. 

 

 
Fig 1. Erythema migrans (EM)-like lesion on Patient 3 following tick 
exposure in northwestern Florida in November 2007. The lesion was 
located on the back of the left arm above the elbow. Note the suspected 
tick bite punctum in the center of the lesion. 

 
Patient 5. Patient 5 was a 44-year-old female 

living in Fayette County, GA with no travel outside 
the state, except for a vacation in the Caribbean 
months prior to the events described below. In April 
2009, she was bitten by a tick and subsequently de-
veloped an EM-like rash at the bite site. She also ex-
perienced nausea, joint pain, and lymphadenopathy. 
She was treated for two weeks with erythromycin. 
Shortly thereafter she received an equivocal B. 
burgdorferi EIA test result, but no follow up Lyme 
western blot was done. In May 2009 she was bitten by 
another tick, which she saved, and developed another 
rash similar to the previous one.  

After experiencing continued fatigue, joint and 
neck pain, dizziness, and insomnia, she saw another 
physician in June. A blood sample and the previously 
collected tick were submitted to the UNF Lab for PCR 
testing. The female A. americanum tick tested negative 

for B. burgdorferi sensu lato flaB DNA. However, DNA 
extracted from the patient’s whole blood was positive. 
The 437-bp sequence (GenBank KC607892) was iden-
tical to that for B. burgdorferi B31.  

In May 2010, she was bitten by another tick 
identified as a female lone star tick at her doctor’s 
office. She experienced headache, stiff neck, chills, 
fever, night sweats, swollen knee, brain fog, extreme 
fatigue, light and sound sensitivity, heart palpitations, 
shortness of breath, and tingling sensations in her legs 
and feet. In June 2010, the patient received negative 
results for the following tests (all at LabCorp): Lyme 
IgG/IgM EIA (Western Blot Reflex), Quantitative 
Lyme disease IgM EIA, Ehrlichia chaffeensis IgM and 
IgG titer, Anaplasma phagocytophilum (HGE) IgM and 
IgG titer, Rocky Mountain spotted fever (Rickettsia 
spp.) IgM and IgG EIA, and Lyme (B. burgdorferi) 
PCR. In July 2010, the patient’s whole blood and se-
rum tested negative for genomic and plasmid B. 
burgdorferi DNA (multiplex PCR) at IgeneX (Palo Alto, 
CA). Concurrently, she was tested also by Lyme 
IgM/IgG Western Blot at Igenex, with the following 
results: positive IgM 18, 23-25, 34, 41, and 58-kDa 
bands; all IgG bands were negative or indeterminate. 
Since that time, the patient has continued to suffer 
from extreme fatigue, joint pain, cognitive problems, 
lymphadenopathy, and other symptoms. 

Patient 6. In January 2010, the UNF Lab received 
a blood sample from a 38-year-old female patient liv-
ing in Jacksonville, FL, who was being treated for 
chronic fatigue, headache, and neck and back pain. 
She had a long history of illness beginning in 2001. 
She stated that in 1981 she began taking camping trips 
throughout the Midwest, Northwest and southeastern 
U.S., where she encountered many tick bites. In 1991, 
while living in Cleveland, Ohio, she noticed a 
bull’s-eye shaped rash on her right thigh that resolved 
after treatment with a few days of antibiotic.  

In May 2001, while living in Greenville, South 
Carolina, she began to experience dizziness, eye 
strain, and poor vision in her left eye. A neu-
ro-opthalmologist diagnosed left optic neuritis. A 
brain MRI was inconclusive for multiple sclerosis. 
Blood work ordered to test for a variety of other ill-
nesses was unrevealing. However, the patient tested 
EIA positive (Quest Diagnostics) for Lyme antibodies 
at 1.31 (positive > 0.8). A Lyme WB showed a reactive 
41-kDa IgG band. During this period, she was treated 
with ciprofloxacin for a concurrent bladder infection, 
and subsequently the optic neuritis resolved. In July 
2001, she had sudden onset of spinal pain, sciatica in 
her right hip and leg, headache, and fatigue. Thereaf-
ter she experienced worsening, migrating, shooting 
and burning pain, numbness, and tingling sensations 
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throughout her body combined with impaired bal-
ance, light and sound sensitivity, tinnitus, and brain 
fog that soon rendered her unable to work. 

In November 2001, she again tested positive by 
EIA (LabCorp) for Lyme antibodies (1.52), and a Lyme 
WB (LabCorp) showed reactive IgM 23 and IgG 
41-kDa bands. An infectious disease specialist began 
several months of intravenous ceftriaxone and oral 
antibiotics for Lyme disease, yet her pain and many 
other symptoms continued. In June 2002, left optic 
neuritis returned, and again resolved several weeks 
later. During the next seven years, she experienced 
continued chronic fatigue, and pain in her neck, back, 
hips, and pelvis. She developed multiple food aller-
gies and chronic gastrointestinal problems, and suf-
fered recurrent bladder infections. During this time, 
she was treated off and on with oral antibiotics, and 
various herbal and vitamin/mineral supplements. In 
September 2009, a brain MRI showed increased 
plaque with T2 white matter in brain and corpus cal-
losum/pons, and she was diagnosed with possible 
multiple sclerosis. 

In January 2010, one of her doctors in Florida 
submitted a blood sample to the UNF Lab for research 
testing. Another sample was submitted in February 
2010. The Jan 2010 sample was PCR positive, and the 
resulting DNA sequence (GenBank KC607893) was 
99.8% identical (452/453 bp) to two reference strains 
of B. andersonii (strains MOD-5 GenBank AF264897 
and SI-10 GenBank AF264883). The February 2010 
sample was also PCR positive, and that DNA se-
quence (GenBank KC607894) was 99.2% identical to B. 
burgdorferi (2 bp mismatches with B31; 3 mismatches 
with JD1). Around the same time, neurology special-
ists in Jacksonville, FL also diagnosed multiple scle-
rosis and prescribed Copaxone, but the treatment was 
discontinued after one month due to major swelling at 
injection sites. The patient’s symptoms waxed and 
waned over the next two years, as she was treated 
with rounds of different antibiotics, as well as inte-
grative therapies including dietary modifications and 
herbs.  

By early 2012, symptoms improved enough so 
that she began working again part-time. But, in No-
vember 2012, neck and back pain, dizziness, and fa-
tigue worsened. The patient required a cushion to sit 
on, due to pain in her spine and right hip. She could 
not do overhead lifting, could not carry more than a 
light bag of groceries, and was unable to squat, kneel, 
or sit on the floor, making her work as an occupa-
tional therapist very difficult. In December 2012, an-
other blood sample was submitted to the UNF lab. 
This sample also tested PCR positive, and that se-
quence was also >99% identical to B. burgdorferi. 

Patient 7. In early April 2010, Patient 7, a 
50-yr-old male resident of Jacksonville, FL who 
worked as a homebuilder, removed an unengorged 
adult female A. americanum from his right hip and 
submitted the tick to the UNF Lab for identification 
and testing. The patient had not traveled outside the 
Jacksonville area for several weeks. Based on the lack 
of engorgement, the tick was estimated to have been 
attached for no more than 48 hours. Beginning ap-
proximately five days after the removal of the tick, the 
patient noticed an enlarging red lesion at the tick at-
tachment site, and sought clinical evaluation. The 
lesion (Figure 2) was photographed multiple times as 
it progressed over the next two weeks. Meanwhile, 
the UNF Lab extracted DNA from the tick, and it 
tested positive for B. burgdorferi sensu lato flaB.  

 

 
Fig 2. EM-like lesion on hip of Patient 7 following a confirmed female 
Amblyomma americanum attachment at the center of the lesion site. 

 
The patient’s primary care provider referred him 

to a dermatologist who submitted skin biopsy speci-
mens to a pathologist and also to the UNF Lab. Blood 
and skin biopsy samples were cultured in BSK, but no 
spirochetes were observed. The patient’s blood sam-
ple was PCR negative for B. burgdorferi flaB, but the 
skin biopsy specimen tested positive. The 
pathologist’s report of microscopic analysis of the skin 
biopsy did not visualize spirochetes, but stated that 
pathologic changes were consistent with spirochete 
infection. The flaB DNA sequence obtained from the 
patient’s attached lone star tick (GenBank KC607896) 
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and the EM skin biopsy (KC607895) were 99.5% iden-
tical (435/437 bp) to both B. burgdorferi B31 and JD1. 
 The patient began treatment with doxycycline 
upon initial clinical evaluation, and continued treat-
ment for two months. A standard Lyme IgM/IgG 
Western Blot antibody test was performed (Quest 
Diagnostics) with samples obtained near the end of 
his treatment. The only antibody bands present were 
IgM and IgG 41-kDa. The patient was also tested at 
that time for Bartonella spp. antibodies, Ehrlichia 
chaffeensis, Anaplasma phagocytophilum, and Babesia 
microti (all IgM and IgG), all with negative results. The 
skin lesion at the tick bite site resolved in the weeks 
following initiation of treatment, and the patient did 
not experience any further signs or symptoms of ill-
ness. A second Lyme Western Blot test conducted four 
months later in August 2010 again showed antibody 
bands only to IgM and IgG 41-kDa protein. 

Patient 8. Patient 8 was a 49 year-old male who 
lived in Fayette County, Georgia. He had a history of 
multiple tick bites acquired from around his home. In 
2005, he developed a flu-like illness with a high fever, 
and was seen at an acute care center. A tick was found 
embedded in his scalp, with drainage seeping down 
the back of his head from the infected site. He was 
treated with a single dose of IM ceftriaxone and 10 
days of oral doxycycline, with recovery from the in-
fected bite site. Over the following years, he devel-
oped tremors, and became clumsy and prone to trip. 
In early 2008, he found the toe of his shoe wearing 
oddly because of gait disturbance. In spring 2009, his 
balance was noticeably off, and he sustained a fall, 
injuring his right foot and developing a right foot 
drop. By October of 2009, his back was visibly uneven 
and he sought chiropractic care. He also consulted a 
neurologist, who performed an EMG, and diagnosed 
amyotrophic lateral sclerosis (ALS). 

By July 2010, he was unable to use his right arm, 
and two additional neurologists also diagnosed ALS. 
Because it was being explored as a treatment for ALS 
[55], IV ceftriaxone was recommended, but not initi-
ated at that time. However, based on clinical history, 
and a 41-kDa IgG Lyme Western Blot band, a different 
physician diagnosed Lyme neuroborreliosis, and be-
gan treatment with azithromycin and fluconazole. In 
the fall of 2010 minocycline was started. He had se-
vere low back pain with some degenerative disc dis-
ease on lumbar MRI, but otherwise was functioning 
neurologically, and was able to walk and work. 
However, by spring 2011, his neurologic status was 
again declining along with gait disturbance, worsen-
ing right foot drop, development of right foot plantar 
spasm, worsening fatigue, and exacerbation of low 
back pain. In July 2011, a second Lyme WB was nega-

tive for any IgM or IgG bands. Dapsone was begun in 
August 2011.  

In December 2011, he sought care by a different 
physician. At that time, he had pain in the knees, back, 
hips, and right shoulder. He was mostly wheelchair 
bound and required nearly full assistance to transfer. 
On physical exam, he demonstrated profound weak-
ness in the trunk and arms (right arm greater than 
left). The right foot was erythematous, plantar flexed, 
and much colder than the left foot. Treatment was 
begun with mefloquine (for suspected babesiosis), 
tinidazole, and IV ceftriaxone. A blood sample sub-
mitted to the UNF Lab at this time was PCR positive 
and the flaB sequence (GenBank KC607897) was most 
similar to B. burgdorferi strains (441/442 bp =99.8% 
with JD1 and 439/442=99.3% with B31).  

During the following six months, the patient was 
treated with various antibiotics for suspected Lyme 
disease and bartonellosis. In June 2012, another blood 
sample submitted to the UNF Lab was PCR positive 
with DNA sequence confirmation for B. burgdorferi. 
During the treatment period, the patient’s sense of 
general well-being, energy level, and pain levels im-
proved. However, his neurologic status declined 
slightly, and he was still able to transfer only with full 
assistance. He is currently undergoing integrative 
manual therapy and physical therapy with marked 
improvement in low back and neck pain, and neck 
range of motion. 

Patient 9. In May 2010, Patient 9, a 42-year-old 
male who lives in Jacksonville, FL was bitten by sev-
eral nymph and adult lone star ticks while visiting the 
neighborhood in Fayette County, Georgia where Pa-
tients 5 and 8 live. In the weeks prior to that brief 
two-day trip to GA, he had not been in the woods 
around his house or noticed any ticks on his pets. He 
performed a thorough check and removed any at-
tached ticks at the end of each day, except for one A. 
americanum nymph (species verified by UNF Lab) that 
was found and removed from his scalp. That tick was 
attached for a maximum of 24 to 48 hours. Unfortu-
nately, it was partially destroyed during removal and 
was not testable. Four days later, the patient noticed 
swollen lymph nodes on the left side of his neck. 
During the next several days, he experienced vague, 
flu-like symptoms. Since he had never experienced 
any similar reaction from previous tick bites, which 
were numerous, he sought clinical evaluation from a 
physician. Venous blood samples acquired a few days 
after symptom onset tested negative at the UNF Lab 
by PCR for B. burgdorferi sensu lato, and no clinical 
laboratory tests for Lyme or other tickborne infections 
were ordered at that time. No EM lesions were ob-
served at any of the tick attachment sites including his 
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scalp, which was examined daily for the next two 
weeks. However, based on tick bite history and lym-
phadenopathy, he was treated with two weeks of 
doxycycline, followed by 10 days of levofloxacin. The 
mild symptoms and lymphadenopathy resolved 
quickly, and he appeared well for the next few 
months.  

In November 2010, the patient began to experi-
ence chronic, unexplainable fatigue that prevented 
him from his normal exercise routine, and began to 
impair his work productivity. In December 2010, he 
experienced sudden onset of severe, migraine-like 
headache that became less severe in subsequent days, 
but remained almost constant for the following three 
weeks. During that time, he also experienced a sense 
of pressure in the head and sinuses (despite no evi-
dence of sinus congestion), stiff neck, continued fa-
tigue, difficulty concentrating, and a “fuzzy” or “ha-
zy” cognitive sensation. The patient never before ex-
perienced this clinical syndrome. 

At this point, still in December, he sought addi-
tional clinical evaluation. Newly drawn venous whole 
blood samples, and dried blood spot (DBS) samples 
obtained from ear lobe scrapings [56] and lancet 
sticks, were tested by PCR at the UNF Lab. Serum 
samples were also submitted to Labcorp for a Lyme 
IgM/IgG Western Blot. The patient’s Lyme Western 
Blot result showed only a 41-kDa IgM band. Multiple 
DNA extractions from the December whole blood 
samples were PCR negative for B. burgdorferi. How-
ever, one ear lobe scrape and one ear lobe stick DBS 
sample were PCR positive for B. burgdorferi sensu lato 
flaB. The flaB sequence (Genbank KC607898) was 
99.3% (427/430 bp) identical to B. andersonii strains 
MOD-5 and SI-10.  

Beginning in January 2011, the patient was 
treated for one month with doxycycline, clarithromy-
cin, and atovaquone (the latter for suspected concur-
rent babesiosis). Thereafter, he was treated with met-
ronidazole, clarithromycin, and amoxicillin in pulsed 
fashion for approximately two months. During that 
time, the patient’s symptoms resolved, normal energy 
levels returned, and he felt well for several months. A 
follow up Lyme WB at Labcorp conducted in March 
2011 showed no IgM or IgG bands. In November 2011, 
fatigue returned, accompanied by occasional twitch-
ing of multiple body parts, particularly the eyelid and 
upper lip, along with neck soreness and stiffness, oc-
casional mild burning sensation of the eyes, and 
pressure in the sinuses. In December, headache re-
turned and remained constant. New DBS samples 
were obtained from ear lobes and finger sticks. Ear 
lobe DBS extracts were PCR negative, but finger stick 
DBS extracts were PCR positive for B. burgdorferi 

sensu lato on multiple occasions. The new flaB se-
quence (GenBank KC607899) was 99.8% identical 
(412/413 bp) to B. burgdorferi B31. 

A third Lyme IgM/IgG WB test was ordered in 
January 2012, this time from IgeneX, Inc. It showed a 
positive IgM 41 and IgG 41, 39, and 58-kDa bands. 
The patient was treated for another three months with 
combination oral antibiotics for both babesiosis and 
borreliosis, and his symptoms improved significantly. 
In May 2012 a fourth Lyme WB test was done (Lab-
corp), which resulted in no positive bands reported. 
PCR results for a new whole blood sample drawn at 
the same time were negative for B. burgdorferi sensu 
lato. However, in June 2012, another finger stick DBS 
sample was PCR positive, and the resulting DNA 
sequence was identical to the most recent one, again 
indicating B. burgdorferi infection. After several 
months of feeling mostly well and with improved 
energy levels, except for occasional headache, fatigue, 
brain fog, and neck stiffness, in November 2012 the 
patient again experienced a bout of increased fatigue. 
In December 2012 another venous blood sample was 
tested by PCR, and both whole blood and plasma 
extracts tested positive for B. burdorferi flaB; the re-
sulting sequence (GenBank KC607900) again differed 
by one bp from strain B31. 

Patient 10. In December 2012, a blood sample 
was submitted to the UNF Lab from a 69-year-old 
male resident of Jacksonville, FL. The patient was a 
retired college professor who had lived for the past 32 
years in Florida. The patient had uncertain history of 
tick bite. Medical records showed a history of carpal 
tunnel syndrome, diverticulosis, plantar fasciitis, re-
nal insufficiency, Dupuytren’s contracture of the 
hand, and chronic prostatitis, the latter for which he 
had been treated for several years with daily doxycy-
cline. His recent medical history included the follow-
ing. In April 2012, he saw his family physician com-
plaining of pain in his knees and hips, and was diag-
nosed with degenerative joint disease. In May 2012, he 
was treated with azithromycin and cefuroxime axetil 
for a lingering upper respiratory infection with cough. 
In October 2012, he again saw his family physician for 
a chronic sore throat, cough, and upper respiratory 
infection, which was again treated with azithromycin. 
At that visit, his wife noted that she had recognized in 
him a recent, but significant, cognitive decline and a 
few episodes of disorientation. This prompted neu-
rological evaluation by specialists in Jacksonville, and 
included comprehensive physical exam, brain EEG 
and MRI studies, and microbiological testing. 

Cerebrospinal fluid (CSF) protein was elevated 
at 51 (normal 1-45 mg/dL); CSF 14-3-3 protein was 
high at 5.9 ng/mL (reference <1.5 ng/mL), which was 
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described as compatible with but not diagnostic of 
Creutzfeldt-Jakob disease (CJD). Multiple tests were 
conducted to rule out bacterial, fungal, and viral in-
fections. A brain MRI showed cortical ribboning. 
Brain EEG showed abnormal diffuse intermittent 
slowing over both hemispheres, seemingly worse on 
the left side. Diagnoses considered by the patient’s 
neurologist were spongiform encephalopathy/prion 
disease, viral encephalitis, or some other inflamma-
tory condition. The ultimate diagnosis given to the 
patient was CJD, with a realistic prognosis of only 
months, with steady decline. 

Several weeks passed without any noticeable 
cognitive or motor function change. In December, 
seeking to explore other possible explanations, one of 
the patient’s primary care physicians ordered a Lyme 
screen test (IFA) and Western Blot (IgeneX), and 
submitted samples to the UNF Lab for PCR testing. 
Several plasma DNA extracts tested positive by Lyme 
Borrelia flagellin PCR. The DNA sequences from two 
samples were identical (GenBank KC607901), and 
were >99% identical with reference strains of B. 
burgdorferi (2 bp mismatches with JD1; 3 mismatches 
with B31). The IFA test was equivocal (titer 1:40). The 

WB showed IgM 31, 41, and 58-kDA bands, and IgG 
18, 30, 34, 41, and 58-kDa bands. Five months after the 
patient’s CJD diagnosis, he had still not declined 
physically or cognitively, and was pursuing antibiotic 
treatment for Lyme disease.  

DNA sequence analysis. Over the flaB sequence 
fragment analyzed, the human patient B. burgdorferi 
strains differed from B31 or JD1 by a minimum of 0-3 
bp. Borrelia americana SCW-30h differs from B31 by 
seven bp (BLAST result 423/430 = 98.4%). The human 
patient B. americana strains differed from B. americana 
SCW-30h by only one bp, and from B31 and other B. 
burgdorferi strains by a minimum of eight bp. The Pa-
tient 1 B. andersonii strain sequence was identical to a 
few reference strains of that species in Genbank (for 
example, SI-10). The Patient 6 B. andersonii sequence 
differed from reference strain B. andersonii by one bp, 
and the Patient 9 B. andersonii sequence differed from 
reference strains of B. andersonii by a minimum of 
three bp. The phylogenetic tree (Fig. 3) shows that flaB 
gene sequences derived from blood, tissue, or ticks 
from human patients in Florida and Georgia clearly 
clustered with reference strains of B. burgdorferi sensu 
stricto, B. americana, or B. andersonii. 

 
Fig 3. Neighbor joining bootstrap phylogenetic tree based on a comparison of flagellin (flaB) gene sequences obtained from human patients and ticks in 
Florida and Georgia with Borrelia burgdorferi sensu lato reference strains. The percentage of replicate trees in which the associated taxa clustered together 
in the bootstrap test (1,000 replicates) are shown at the branch nodes. Evolutionary distances were computed using the Maximum Composite Likelihood 
method. All positions containing gaps and missing data were eliminated. There were a total of 355 positions in the final data set. 
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Discussion 
Only two studies have reported culture isolation 

of B. burgdorferi spirochetes from human patients in 
the southern U.S. Rawlings et al. [23] isolated Borrelia 
spirochetes from 14 patients in Texas. Several of the 
isolates were determined to be Lyme Borrelia spiro-
chetes based on reactivity with ospA monoclonal an-
tibody H5332 specific for B. burgdorferi. Felz et al. [22] 
isolated a B. garinii strain from a patient with known I. 
scapularis exposure in southern Georgia (USA), but he 
had also traveled in Europe in the weeks prior to on-
set of EM, thus confounding attempts to exactly de-
termine the exposure location. To date, attempts by 
the UNF Lab to isolate Borrelia from human patients in 
the southern U.S. presenting with Lyme-like signs and 
symptoms have been unsuccessful. In this study we 
failed to isolate spirochetes from blood and skin bi-
opsies from several patients from Florida and Geor-
gia, despite identifying B. burgdorferi sensu lato DNA 
in their blood, skin, or previously attached ticks. This 
may have been due to using a low volume of patient 
fluid samples, a low number of spirochetes in the 
samples that could not be detected via culture, or 
perhaps the strains infecting patients in this region do 
not grow well in BSK-H medium. Culture isolation in 
BSK medium is known to be selective for specific 
genotypes of B. burgdorferi sensu lato [57]. 

Based on extensive experience in testing samples 
from wild vertebrates and ticks in the southern U.S. 
for the presence of B. burgdorferi sensu lato, we chose 
to screen patient samples using highly sensitive 
nested PCR assays targeting a portion of the 41-kDa 
chromosomal flagellin (flaB) gene. This approach was 
used in a previous study of patients with EM lesions 
in Georgia and South Carolina, where a different, but 
also highly sensitive nested flaB PCR assay was posi-
tive for 22% of patients [22]. Unfortunately, that study 
did not provide DNA sequence data for the amplified 
flaB fragments, preventing genospecies determina-
tion. Our B. burgdorferi sensu lato species designations 
were based upon analysis of a central portion of the 
flaB gene. Borrelia burgdorferi sensu lato species typing 
based upon analysis of this gene region has been 
proven reliable [58-61] and in agreement with species 
typing based on comparing sequences from other 
single genes (e.g., 16SrRNA, groEL), multi-locus gene 
analyses, and other methods like randomly amplified 
polymorphic DNA (RAPD) analyses [7, 62-65]. This 
gene has also been shown to be a more sensitive PCR 
target for B. burgforferi sensu lato compared to other 
commonly targeted genes [61, 66]. 

We obtained DNA sequences from two patients 
that were highly similar (greater than 99%) to the B. 

americana SCW-30h strain flaB sequence. Borrelia 
americana strains are most similar to B. burgdorferi 
sensu stricto strains in the portion of the flaB gene 
analyzed in this study, but they clearly cluster sepa-
rately in phylogenetic analyses [20]. Our findings 
represent the first report implicating B. americana in 
human infection, and raise the question of whether B. 
americana strains are responsible for other human 
cases of Lyme-like illness in the southern USA and 
elsewhere, since strains of this group have also been 
identified in California [9]. Notably, blood samples 
obtained from Patient 2 in 2004 and 2009, during 
which time she experienced continuous symptoms 
consistent with persistent Lyme borreliosis, both 
tested positive for B. americana DNA. This suggests 
that some B. americana strains may be capable of es-
tablishing persistent, treatment-resistant borreliosis. 
The B. americana infection for Patient 3 was diagnosed 
early, based on the appearance of a typical EM lesion, 
and appeared to resolve without complication fol-
lowing a total of seven weeks of doxycyline treatment. 

We amplified B. andersonii DNA from blood ob-
tained from Patient 1 more than a month after onset of 
a disseminated and persistent erythema migrans-like 
rash, despite the lack of detectable antibody via EIA at 
the time the sample was obtained. Based on compar-
ison of a portion of the flaB gene, this strain was 100% 
identical to previously described strains of B. anderso-
nii that were cultivated in the laboratory of Dr. James 
H. Oliver at Georgia Southern University [64]. After 
initial onset Patient 1 continued to experience symp-
toms for many years that were possibly associated 
with ongoing borreliosis. The first flaB gene sequences 
obtained from Patients 6 and 9 were also most similar, 
but not identical, to reference strains of B. andersonii 
that have never been cultivated in the UNF Lab. 
Therefore, these data represent the first evidence of B. 
andersonii in patients with Lyme borreliosis. 

Positive PCR results were obtained for Patient 6 
(B. andersonii or B. burgdorferi) on samples taken nearly 
three years apart, for Patient 8 (B. burgdorferi) on two 
samples taken seven months apart, and for Patient 9 
(B. andersonii or B. burgdorferi) on four samples span-
ning two years. However, it should be reiterated that 
Patients 6 and 9 each tested positive for B. andersonii 
only once; they then tested positive for sequence con-
firmed B. burgdorferi multiple times thereafter. It is not 
known if the B. andersonii infections were cleared with 
antibiotics, or if the patients continued to have mul-
ti-species Lyme borreliosis infection. Nevertheless, 
Patients 1, 2, 6, 8, and 9 experienced recurrent or con-
stant symptoms lasting months or years, and all un-
derwent periods of antibiotic treatment between the 
times they were shown to have B. burgdorferi sensu 
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lato DNA in their bodies.  
It is presently not known if all B. burgdorferi 

sensu lato genospecies are pathogenic to humans. 
Certain B. burgdorferi sensu lato species may exist in 
ecological niches involving reservoir hosts and ar-
thropod vectors that humans rarely encounter; thus 
humans may rarely if ever be infected by these strains 
due to lack of incidental contact with their transmis-
sion cycles, rather than because the strains lack path-
ogenicity. In Europe, B. garinii, B. afzelii, and B. 
burgdorferi are recognized as agents of Lyme disease 
[67]. In the U.S., B. burgdorferi has been considered the 
only pathogenic species [67] until recently when some 
B. bissettii-like strains were identified in serum of 
human patients in California using molecular meth-
ods [10]. Our evidence of human B. americana and B. 
andersonii infections therefore further challenges the 
notion that only B. burgdorferi (sensu stricto) is associ-
ated with Lyme disease in the U.S. It seems probable 
that Lyme disease in the U.S. is similar to the situation 
in some areas of Europe and Asia, in that multiple B. 
burgdorferi sensu lato species in addition to B. 
burgdorferi may be associated with human disease. 

The lack of more precise epidemiologic infor-
mation for Patient 2 in this study limits our ability to 
draw exact conclusions regarding the location of in-
fectious exposure for that case. It is possible that the 
patient acquired infection while visiting or living in 
states other than Florida or Georgia, or outside the 
U.S. Patient 6 had extensive outdoor activity and tick 
bite history in multiple regions of the U.S. The loca-
tion of her infective tick bite is not known, and over 
the years she sought evaluation and treatment in dif-
ferent states. Tick bite exposure location for Patient 10 
was also uncertain. These cases were included in the 
present paper because at the time samples were sub-
mitted to the UNF Lab, all were living in, and being 
evaluated clinically or being treated, in Florida or 
Georgia. This demonstrates that, regardless of where 
a patient might have been infected, one can present 
with Lyme disease symptoms in other places, in-
cluding areas not considered endemic for the disease.  

Several patients described in this study with no 
travel history or tick exposure outside the study area 
(Patients 1, 3, 4, 5, 7, 8, 9) likely acquired their tick-
borne infections in Florida or Georgia. Furthermore, it 
should be noted that these cases represent a small 
fraction (<10%) of PCR and DNA sequence confirmed 
cases the UNF Lab has identified in the southern U.S. 
(unpublished data). Evidence of additional cases will 
be presented and discussed in future papers. There-
fore, Lyme disease may not be rare in the study re-
gion. The cases described in the present study may 
represent a broad spectrum of Lyme borreliosis that 

has heretofore been significantly under-recognized, 
under-diagnosed, and under-reported in southern 
states.  

We found no evidence of false positive PCR re-
sults from DNA contamination/artifacts during this 
study, and samples from control patients did not test 
positive for Lyme Borrelia DNA. Strains of B. americana 
and B. andersonii most similar to those we identified in 
human patients [64] were not cultivated in the UNF 
Lab. The B. burdorferi sensu lato flaB DNA sequence 
differences among human patient samples, and as 
compared to the positive control sample used in PCR 
testing, along with some unique nucleotide differ-
ences confirmed in several of the human strains ob-
tained in this study as compared to reference strains 
(data not shown), argue against DNA contamination 
as a plausible explanation of the study findings. De-
spite the similarity in sequences derived from human 
patients in this study to reference strains in the por-
tion of the flaB gene analyzed, however, it is possible 
that southern strains are still significantly different 
from northeastern B. burgdorferi and other 
well-characterized B. burdorferi sensu lato strains in 
other individual genes (e.g., certain plasmids), or over 
their entire genomes.  

Several patients in this study were tested for 
Lyme (B. burgdorferi) antibodies using standard tests 
at clinical laboratories. Yet, based on U.S. Centers for 
Disease Control surveillance interpretation criteria 
[68], nearly all results would be considered negative. 
Four of six patients had equivocal or positive EIA or 
IFA screening tests, but only Patient 10 in our study 
may have met the current 2-tier testing standard cri-
teria for Lyme seropositivity. Patient 1’s EIA sample 
was submitted approximately two months after she 
received the putatively infectious tick bite, and at least 
one month after onset of a widely disseminated rash 
involving multiple small EM-like lesions. One would 
expect that enough time had passed since initial in-
fection for her to develop detectable antibodies if the 
test were capable of identifying them. Patient 5 had an 
equivocal EIA, and a WB with five IgM bands, but the 
WB results were obtained a year after the EIA test; 
because her illness onset was many months prior to 
this test, the test result would be interpreted based on 
IgG band criteria (minimum of five bands required for 
positive result). Patient 6 had two positive EIA tests, 
but concurrent WB tests failed to show enough anti-
body bands to be considered positive. Lyme WB tests 
were conducted on Patient 7 at approximately one 
and four months after onset of a distinct EM lesion 
following his tick bite, and both showed only 41-kDa 
IgM and IgG bands. Patient 8 had only the IgG 41-kDa 
band. Patient 9’s first Lyme WB (Jan 2011) was per-
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formed approximately seven months after the impli-
cated tick bite(s) and initial symptom onset, and it also 
showed only the IgM 41-kDa band. A second WB test 
conducted at that same laboratory (Labcorp) two 
months later failed to detect any antibodies. In Janu-
ary 2012, the third WB test conducted at a different lab 
(IgeneX) showed one IgM and three IgG antibodies, 
more indicative of actual Lyme disease infection, yet a 
fourth WB test (Labcorp) months later (May 2012) was 
completely negative, even though additional PCR 
tests for B. burgdorferi sensu lato were positive in June 
and December of that year. Only Patient 10 had a 
suggestive (equivocal) IFA and concurrently positive 
WB result, which in this case included three IgM and 
five IgG reactive bands. However, two (31 and 
58-kDa) of his three reactive IgM bands, and one of his 
five IgG bands (34-kDa ospB protein), are not consid-
ered in the standard interpretation criteria used in the 
U.S. Despite this, all the patients in this study had 
evidence of sequence confirmed Lyme Borrelia DNA 
in their bodies concurrent with signs or symptoms 
consistent with early or late stage borreliosis. This 
highlights the need for health care providers every-
where to be properly trained to recognize the signs 
and symptoms of various stages of Lyme disease, to 
understand the strengths and limitations of different 
laboratory tests, and to include Lyme disease in the 
differential diagnosis in the presence of a consistent 
clinical history.  

Several possible reasons for lack of development 
of, or detection of, Lyme antibodies have been de-
scribed [69-70]. The PCR and DNA sequence con-
firmed B. burgdorferi sensu lato infections described 
here suggest that Lyme borreliosis patients in the 
study area may present with antibody profiles that 
differ significantly from what is considered diagnostic 
for Lyme disease in other areas. It is possible that ge-
netic variability among southern B. burgdorferi sensu 
lato strains may play a role in the lack of consistently 
detectable antibodies to specific proteins besides the 
41-kDa flagellin, which was commonly observed 
among patients in this study and others conducted in 
the southern U.S. [22, 35, 37]. Therefore, in cases 
where there is compelling evidence of early stage 
tickborne infection based upon clinical presentation 
and history of tick exposure, careful consideration 
should be given to initiating antibiotic treatment 
without delay pending a positive antibody or other 
clinical confirmation test result [71]. It is possible that 
some negative or equivocal B. burgdoreri EIA or WB 
antibody test results, interpreted based upon current 
guidelines, occur due to infection with B. burgdorferi 
sensu lato strains other than those that the clinical 
diagnostic tests and their current interpretation crite-

ria were developed to identify. Clearly, what is 
needed is a comprehensive analysis of the ability of 
current standard antibody tests to correctly identify 
infection with the diverse B. burgdorferi sensu lato 
species endemic to North America, and these studies 
need to include representative strains of different 
species from different geographic regions. Further-
more, they need to include representative healthy 
control patients to accurately assess the true rate of 
false positive antibody results. 

Patients in this study were diagnosed with dif-
ferent syndromes, including CFS, fibromyalgia, lupus, 
MS, ALS, and CJD. The exact causes of these condi-
tions are still unknown or not completely understood. 
These syndromes are diagnosed primarily based on 
exclusion of other likely explanations or limited ob-
jective laboratory evidence. These syndromes in our 
study patients may not have been caused by concur-
rent Lyme borreliosis. However, because symptoms 
of different chronic diseases can overlap with Lyme 
disease, especially neuroborreliosis, Lyme disease 
should be considered in evaluation of other patients 
with a history of tick exposure that present with 
symptoms consistent with the aforementioned syn-
dromes. 

The tick species responsible for transmission of 
B. burgdorferi sensu lato to several patients in this 
study were not known conclusively. Patient 1 from 
Florida did not seek care until approximately one 
month after onset of EM in late March following a tick 
bite presumably acquired in either February or early 
March. Both A. americanum (nymphs and adults) and 
adult I. scapularis are active in northern Florida at that 
time [72]. Florida Patient 3 had onset of EM approxi-
mately one week following tick exposure in early 
November, when adult I. scapularis are active [72]. 
Although this patient reported finding ticks on her 
clothing while walking through the woods the day of 
the putative exposure, she did not recall an attached 
tick, despite what resembled a tick bite punctum in 
the center of the EM lesion (see Fig. 1). The only other 
evidence pointing towards I. scapularis in her case is 
the adult male tick (Is-TSP1) collected at the same 
park approximately one month after the patient was 
exposed to ticks there, from which we also obtained 
DNA evidence of a B. americana strain. The tick species 
implicated in transmission of B. burgdorferi or B. an-
dersonii strains to Patients 4, 5, 7, 8, and 9 was A. 
americanum. Furthermore, due to the abundance of A. 
americanum at the Fayette County, GA residential site 
where Patients 5, 8, and 9 were believed to have been 
infected, along with our finding B. burgdorferi sensu 
lato DNA in several host seeking A. americanum col-
lected from this site (unpublished data), we suspect 
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that this tick species may have been responsible for 
the cases with tick bite exposure at that location. 
Further studies and testing of ticks at this site are in 
progress. 

Due to their abundance, aggressive human bit-
ing habit, and seasonal association with many Lyme 
disease cases in the southern U.S., including several 
described in this study, the vectorial role of lone star 
ticks in transmitting B. burgdorferi sensu lato deserves 
further consideration. Earlier laboratory transmission 
experiments of the ability of lone star ticks to acquire, 
maintain, and transmit B. burgdorferi spirochetes nec-
essarily used only a few cultivable strains isolated 
from rodents [73-75]. It is possible that lone star ticks 
or other human biting tick species can transmit Lyme 
group Borrelia strains that naturally infect host ani-
mals other than rats or mice (e.g, rabbits or birds). One 
study reported culture isolation of B. burgdorferi from 
several lone star ticks, a single A. maculatum (Gulf 
Coast tick), and a cat flea from Texas [19]. A subse-
quent study of vector competence of three human 
biting tick spp. found those five isolates to be 
non-infectious to the mice used in that study, thus 
preventing use of those isolates in that study’s tick 
transmission experiments [74]. Those authors postu-
lated that the original isolates may have resulted from 
culture contamination of the primary isolates with a 
high passage strain of B. burgdorferi, which might ex-
plain the isolates’ loss of infectivity, as has been 
shown in other studies [75]. However, considering the 
difficulty in isolating and sometimes maintaining B. 
burgdorferi sensu lato in culture, the authenticity of the 
original isolates as reported is still debatable [19]. 

In a previous study, we identified B. burgdorferi 
DNA in host seeking lone star ticks in Florida [45], 
and we continue to find B. burgdorferi and also B. an-
dersonii strains in lone star ticks tested by PCR from 
Florida and Georgia (unpublished data). Several other 
studies have reported B. burgdorferi DNA in lone star 
ticks using Lyme Borrelia specific PCR assays [77-79]. 
Therefore, pending more comprehensive studies, A. 
americanum should not be ruled out as possible vec-
tors of southern strains of B. burgdorferi sensu lato to 
humans. 

Much more research is necessary to conclusively 
determine the reservoir hosts and arthropod vectors 
responsible for transmission of B. burgdorferi sensu 
lato in natural cycles and to humans in different geo-
graphic areas. Immature stages of I. scapularis, the 
accepted vector of Lyme Borrelia in the eastern U.S., 
feed upon birds as well as lizards and mammals, and 
A. americanum larvae and nymphs also feed on birds 
and several mammals including gray squirrels, rab-
bits, and deer [80]. Borrelia americana strains were ini-

tially isolated from ticks removed from a Carolina 
wren [9]. Most B. andersonii strains isolated to date 
came from rabbits or I. dentatus removed from them 
[64], and I. dentatus also commonly feed on birds [81]. 
Therefore, until more evidence indicates specific res-
ervoir or vector species for human pathogenic Lyme 
Borrelia strains in the southern U.S., investigating a 
broad diversity of vertebrates and ticks will likely 
lead to more relevant discoveries that improve our 
understanding of Lyme disease ecology in the region.  

The inability to previously identify a likely cause 
of the Lyme-like signs and symptoms experienced by 
patients residing in southern states led to investiga-
tions of potential agents besides Lyme group Borrelia 
spp. The subsequent identification of the relapsing 
fever group species B. lonestari in A. americanum [24] 
provided circumstantial evidence supporting an al-
ternative cause for the phenomenon that came to be 
known as STARI. However, besides a single human 
case of STARI associated with the presence of B. 
lonestari DNA detected in the tick and human EM 
lesion skin biopsy sample [32], no additional evidence 
has been published to date that supports B. lonestari as 
the cause of STARI. Moreover, in the present study we 
confirmed B. burgdorferi sensu lato DNA in four pa-
tients with signs or symptoms of Lyme borreliosis 
following confirmed lone star tick bites. Our findings 
suggest that some cases of STARI resembling Lyme 
borreliosis in the southern U.S. may be attributable to 
previously undetected Lyme Borrelia strains, and thus 
represent cases of actual Lyme borreliosis rather than 
a separate disease entity or tick hypersensitivity reac-
tions.  

We continue to obtain and test fluid and tissue 
specimens and attached ticks from human subjects in 
the southern U.S. presenting with signs and symp-
toms indicative of both early and late stage borrelio-
sis. We hope to further clarify the ongoing medical 
query of the primary vectors and pathogens respon-
sible for Lyme-like illness in the southern U.S., and in 
other areas of the country traditionally considered as 
non-endemic for Lyme disease. Additional research is 
also needed to improve our understanding of Lyme 
Borrelia strains potentially associated with persistent 
infection and associated clinical manifestations, and to 
improve routinely available clinical diagnostic tests to 
identify B. burgdorferi sensu lato strains associated 
with human illness.  
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