Borrelia burgdorferi Persists in the Gastrointestinal Tract of
Children and Adolescents with Lyme Disease
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ABSTRACT

This study documents the persistence of B burgdorferi
DNA in the gastrointestinal tract of pediatric patients who
have already been treated with antibiotics for Lyme disease.
Ten consecutive patients between the ages of 9 and 13 years
presented with an erythema migrans (EM) rash, a positive
western blot for Lyme disease, chronic abdominal pain,
heartburn, or bright red blood in the stool. Endoscopy
assessed the gastrointestinal (GI) mucosa for inflammation
and biopsies were examined for B burgdorferi using a
Dieterle stain and with polymerase chain reaction (PCR) to
the outer surface protein A (Osp A) of B burgdorferi. As con-

trols, 10 consecutive patients with chronic abdominal pain
were also tested by Gl biopsies and PCR. B burgdorferi per-
sisted in the Gl tract in all 10 patients with Lyme disease as
shown by Dieterle stain of biopsies and with PCR. None of
the control subjects' biopsies were PCR positive for B
burgdorferi. Chronic gastritis, chronic duodenitis, and
chronic colitis were found in Lyme disease patients and asso-
ciated with the detection of B burgdorferi DNA in the Gl
tract despite prior antibiotic treatments. We have concluded
that the DNA of B burgdorferi persisted in patients with

Lyme disease even after antibiotic treatment.
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INTRODUCTION
Two previous studies have described the presence of B
burgdorferi in the stomach, intestines, and colon of chil-
dren.'? To address the possibility of the persistence of B
burgdorferi in the gastrointestinal (GI) tract, a prospec-
tive study was made of 10 consecutive patients who had a
physician-documented erythema migrans (EM) rash fol-
lowed by symptoms of Lyme disease that persisted for a
year before diagnosis and antibiotic treatment was insti-
tuted. They had chronic Gl symptoms that persisted dur-
ing this same period and after completing antibiotic thera-
py. The purpose of this study is to address the possibility
of persistence of B burgdorferi DNA after antibiotic

treatment in patients with Lyme disease.
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MATERIAL AND METHODS

All of the patients included in our study had an EM
rash with no prior history of Gl complaints. They were
referred to the Pediatric Gastroenterology and Nutrition
Service of Jersey Shore Medical Center for evaluation of
chronic abdominal pain, heartburn, or bright red blood in
the stool that persisted for at least one year after the onset
of the EM rash. In all cases, antibiotic therapy for the
treatment of Lyme disease was instituted one year after
the EM rash and initial symptoms of Lyme disease. Ten
consecutive patients satisfying the above clinical criteria®
were evaluated prospectively from January 1993 through
July 2000. There were 5 boys and 5 girls evaluated (mean
age 14+3.6 years, range 9-12). Each case included a his-
tory, physical examination, complete blood cell count,
liver function tests, esophagoduodenoscopy (EGD),
and/or colonoscopy. One year after the EM rash, a Lyme
IgG western blot confirmed a B burgdorferi infection by
using the commercially available Marblot strip test sys-
tem (MarDx Diagnostics, Carlsbad, CA). A positive
western blot contained the presence of 5 or more of the
following Borrelia bands: 18, 23, 28, 31, 34, 39, 41, 45,
58, 66, 93kDa. The interpretation of the B burgdorferi
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western blot satisfied the surveillance case definition of B
burgdorferi infection of the Centers for Disease Control
and Prevention. Ultrasonography of the abdomen was per-
formed when the history suggested a diagnosis of biliary
tract disease, gallstones, or pancreatitis. Stool samples
were examined for occult blood, Salmonella, Shigella,
Yersinia, Campylobacter, ova and parasites, and
Clostridium difficile toxins A and B. GI biopsies assessed
the mucosa by microscopy for Helicobacter pylori (on
EGD) and for the presence of B burgdorferi by Dieterle
stain.

Biopsy specimens were taken from areas of the GI tract
that looked inflamed during EGD or colonoscopy. The
biopsies were repeated on the dates shown in the Table
because of the persistence of GI complaints despite the
antibiotic treatment of Lyme disease. The biopsies were
randomly assigned to five histopathologists who were
blinded to the diagnosis of the specimens they received.
Biopses were reported as acutely inflamed when polymor-
phonuclear cells were present in the mucosa and chronical-
ly inflamed if 6 or more plasma cells and lymphocytes
were present in the gastric mucosa without polymorphonu-
clear cells. Chronic duodenitis or chronic colitis was diag-
nosed when greater than 6 intraepithelial lymphocytes per
100 surface absorptive cells were present in tissue biopsies
in conjunction with a distortion in glandular architecture.

A polymerase chain reaction (PCR) to detect the DNA
of B burgdorferi outer surface protein A (Osp A) was per-
formed on all biopsies by Medical Diagnostic
Laboratories, New Jersey.

DNA Extraction

As a target for DNA amplification, the gene coding for
the Osp A of B burgdorferi was analyzed. The tissue was
dissolved in 470 pL of tris-edetic acid (EDTA) buffer (10
mM tris-hydrochloride [pH, 8.0] and | mM EDTA), 25 uL
of 10% sodium dodecyl sulfate, and 12 pL of freshly pre-
pared deoxyonuclease-free proteinase K (10 mg/mL). The
mixture was incubated at 55°C for 2 hours; DNA was
extracted with phenolchloroform extraction and ethanol
precipitation. The purified DNA was dissolved in pyrogen-
free, double distilled water and quantified using a
Genesys-5 spectrophotometer (Spectronic Instruments,
Rochester, NY). The purified quantitated DNA was used
as a template for B burgdorferi PCR analysis.

Primers

The PCR primers for the identification of B
burgdorferi, as well as the sensitivity and specificity of the
B burgdorferi primers are well described. The primers
were synthesized by Research Genetics (Huntsville, AL)
and purified by high-performance liquid chromatography.
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Polymerase Chain Reaction

The PCR mixtures (50 pL) contained extracted DNA (5
pL, 2 pg/pLl), P24E, and P12B primers (50 nM),
10 mM trishydrochloride (pH 8.3), 50 mM potassium chlo-
ride, 3 mM magnesium chloride, 0.001% (wt/vol) gelatin,
the nucleotides dATP, dCTP, dGTP, and dTTP (each at
concentrations of 200 mmol/L), and 2.5 U of Tag DNA
polymerase (Perkin-Elmer, Foster City, CA). The PCR was
carried out in 0.2 mL tubes. The thermocycler was a
Perkin-Elmer Gene AMP PCR system 2400. The PCR pro-
gram ran for 3 minutes at 94°C, followed by 40-one minute
cycles at 94°C, 1 minute at 56°C, and 1.5 minutes at 72°C.
The program finished with an additional 10-minute exten-
sion step at 72°C. A 30 pL sample of the final reaction
product was run on 1% agarose gel containing 0.5 pg of
ethidium bromide per mL, and the gel was photographed
under ultra violet (UV) light.

Histone PCR

Alliquots (5 pL) of the newly extracted DNA were
mixed in a 50 pL PCR reaction mixture containing 10X
PCR buffer (Perkin-Elmer), 3 mM magnesium chloride,
200 mM dNTP, 2.5 uL of Tag DNA polymerase
(5 U/uL), and 1 L (8 pmol) of 5' and 3' histone amplifier
primer set. The histone primers are complementary to the
DNA of a constitutively expressed human histone gene
H3.3 as described. The amplification process was subjected
to 30 cycles of PCR (each cycle at 94°C for 45 seconds,
60°C for 45 seconds, and 72°C for 90 seconds) in a 2400
Perkin-Elmer DNA thermocycler. The histone primers
served as internal controls for the sample's DNA integrity,
presence of inhibitors, and intersample equivalency of total
amount of DNA analyzed.

Precautions Against Contamination

The extraction of DNA and PCR were performed under
sterile conditions and in separate rooms. All positive sam-
ples were confirmed by re-extraction from the original
sample, followed by amplification in triplicate. DNA-posi-
tive status was defined as samples that were positive initial-
ly and in at least one of the replicates after re-extraction.
Pyrogen-free water was used in the isolation of DNA from
the biopsy specimens. The Eppendorif microcentrifuge
tubes and the PCR tubes were sterilized in an autoclave and
UV irradiated. New Finn pipettes were used solely with the
filter tips for PCR. Disposable plastic trays were used to
prepare PCRs in a UV irradiated PCR biohood. GI biopsy
samples from 10 patients with chronic abdominal pain who
had no history of tick-borne disease or antibiotic use in the
year prior to endscopy were used in the PCR assays as neg-
ative controls. The laboratory performing the PCR analysis
was blinded to the diagnosis of all specimens they received.
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Figure 1. Colon biopsy specimen from a patient with Lyme disease.
Abdominal pain and blood in the stool were symptoms. Arrow shows
typical helical-shaped spirochete characteristic of Borrelia burgdorferi
(Dieterle stain-magnification x522).

RESULTS

Lyme disease patients presented with chronic abdomi-
nal pain and heartburn (n=4, 40%), or chronic abdominal
pain and bright red blood in the stool (n=6, 60%). All 10
patients had evidence of inflammation at a Gl biopsy site
with the microscopic detection of B burgdorferi by
Dieterle stain that was also confirmed by the detection of
B burgdorferi DNA by PCR despite 2 prior months of
antibiotic therapy (Figures 1 and 2). Two of the control
patients (#4, #7) had antral gastritis and H pylori on biop-
sy but no evidence of B burgdorferi on microscopy or
PCR in biopsy specimens from the GI tract (Table).

In patients 1 and 10, B burgdorferi DNA was detected
in the colon on 2 separate colonoscopies performed at
least 4 years apart after having received 2 months of intra-
venous antibiotics for the treatment of Lyme disease. The
biopsies of all the Lyme disease patients revealed no evi-
dence of granulomas or terminal ileitis. The IgG western
blot was positive in all the patients and negative in all of
the control patients. Salmonella, Shigella, Yersinia,
Campylobacter, and Clostridium difficile toxins A and B
were not detected in any of the stool samples from
patients or controls.

Ultrasonography of the abdomen did not reveal any
gallstones, biliary tract disease, or evidence of pancreati-
tis. The lab performing the PCR had a false positive rate
of 1 in 500 by analyzing 25,000 specimens from January
1998 through January 2002.

DISCUSSION
The persistance of Lyme disease as seen by light
microscopy and confirmed by tissue PCR in patients with
chronic Gl symptoms has not been described before.
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Figure 2. A spirochete (arrow) consistent with the microscopic appear-
ance of Borrelia burgdorferi is seen in the basal layer of the columnar
epithelium from a duodenal biopsy specimen of a patient with Lyme dis-
ease and chronic abdominal pain (magnification x790).

Oksi? described the use of PCR in clinical relapse of dis-
seminated Lyme borreliosis to guide the use of additional
antibiotic therapy. According to Oksi, the treatment of
Lyme borreliosis with appropriate antibiotics for even
more than 3 months may not always eradicate the spiro-
chete. The biopsy and PCR results described here suggest
the persistence of B burdorferi in the stomach, duodenum,
and colon at the sites of inflammation despite antibiotic
therapy.

Several other authors have suggested that B burdorferi
may persist in humans and animals for months or years,
despite strong humoral or immune responses.*” One pos-
sible explanation for this persistence is the failure of the
host to produce borreliacidal Osp A antibodies. Another
possible explanation is the invasion of poorly vascular-
ized connective tissues by spirochetes or even an intracel-
lular location of spirochetes.®!!

Other etiologic infections that are also transmitted by a
tick bite should be considered in the differential diagnosis
of heartburn, abdominal pain, and blood in the stool in
Lyme disease patients with persistent symptoms.
Coinfection with either Babesia, Ehrlichia, and Bartonella
have recently been reported.'>'* In areas where both
babesiosis and Lyme disease have been reported, the pos-
sibility of concomitant babesial infection should be con-
sidered. In one such study'* of 240 patients diagnosed
with Lyme disease, 26 (11%) were coinfected with
babesiosis. These coinfected patients experienced fatigue,
headache, sweats, chills, anorexia, nausea, and
splenomegaly more frequently (P< 0.05) than those with
Lyme disease alone. This pathogen may survive Lyme
antimicrobial therapy and be one of the agents responsible
for causing persistent symptoms in Lyme disease patients.

13



VN Hafi0p8ing g Jo uoudalap iy sa10uap VN ‘Su
(YD d) uonIvaL uwyo asvanusjod £q YN 12f10psing g Jo uonsajap ou pu
upak 1sv] 2y1 ul Kdodsopua 01 1014

“UIDIS 2142121 D JO 2SN Y1 YIIM SUIUIID
awndads Ksdoiq fo yod £q (v w2104d 290fans 421n0 Y1) YN HIHOP!

pa1sdoq 10u 202 10y 19041 [DULISIIUIOL
ds Ksdo1q uo uafiop8.ing g fo 2ouvapaddp 51dodsoronu Y1 sAOUITE
31nq g fo uouoa1ap ayi sa1ousp yNd+
v Ksdo1q uo paoaiap s8ojoyind 00180]01S1Y OU S210UIP (—) %5
d aspasip awd7 L0f U] IU0IGUUD Jo sypuow fo 12GUINN

1508 a1 Jo sDap sa10UIp $20dS payun

VNd SO VNd sniuapon( VNd snmsen 6661 Alenigad  p [00IS UL poolq ‘ured [pUIWOPQY 8661 122
VNd  SBHO9 ‘qd VNAd sniuapond VNd snused ‘qg  p661 dunf 7 10018 ul poolq ‘ured [eurwiopqy 661 Mudy 01 | (0]
VNd SiVe) VNd snapon( VNd snmsen  pe6lIsnSny  p  [001s Ul pooq ‘uted [PUIOPQY P661 2unf
VNd  SDiod‘qg yNa snusponpqg  VNA snmsen  go61 NSy p  [00s Ul poojq ‘ured [EUILOPQY €661 2un( I W 6
VNd SnIoD 000T YN 7 (oo ut poojq ‘ured [purwopqy 00T Amnuef
VNd  sniod‘qd =) 6661 YN ¢ 1oois ut poojq ‘ured putwopqy 6661 Arenuef - I N 8
—) —) VNd snumsen 6661 YN 4 wmnqueay ‘ured [eUIIOPqY 6661 Aenuef
(—) ) VNd symsed ‘qg  S661 1AV S wmqueay ‘ured [PUIWIOPqY S661 Amnigag 01 d 3
VNd snioD ) (—) (—) =) 7661 AInf 7 1001s ut pooiq ‘ured [purwiopqy v661 ABI
VNa snIod ‘qg =) =) =) ) €661 AeN 7 1003s ui poojq ‘ured [EUIOPAY £661 WIEN 6 W 9
VNd sniuapon( (—) (—) £661 2un( (4 wmnqueay ‘ured feurwiopqy €661 [1dv
yNa  spueponpiag () snmsen)  ¢661 Arenigad T wmqueay ‘ured [PUILOPGY 7661 12queced 11 d S
=) =) VNd snLsen 6661 KB @ wmgueay ‘ured [RUILIOPY 6661 YN
(—) =) VNd snses ‘qg  L661 AP z wnqueay ‘ured [eUIIOpqy L661 YTBA L E| 4
vNd sniuapon( (= snmseD 6661 YR S winqueay ‘ured [PUILOPY 6661 Arenuef
yNa smwusponpag () snuisen G661 AT ¥ wngueay ‘uted [eUIIOpqy $661 12quaood Tl d €
VNd s (i) —) (—) = 000 udy z  (oois ur poojq ‘ured [pUTOpqY (00T ATENIGAd
YNd  snioo‘qd ) —) (—) & 6661 U 7 [oos ut poojq ‘ured [purwopqy 6661 Arenuef €1 W ¢
VNd snIeD = spruapon( VN sqmsen 6661 Atenugad ¢ 1001s U1 poojq ‘uted [PUIWIOPGY 8661 12qui22(
VNd  SOHoo ;'qg €661 YOI y  [00Is ur poojq ‘ured [PUILIOPqY €661 Arenuef 6 N I
syuane Iseasi(] WA'|
=) —) —) ) (=) &) 6661 YOI 0 ured [pUIIOPQY 6661 YOI €l W o1
=) —) (—) =) €661 Amnuef 0 ured [pUIIOpPqY €661 Arenuer 9] E| 6
—) —) =) &) =) &) 6661 14y 0 ured [eUILIOpqY 6661 1udv L1 d 8
) —) () —) —) uokdy 6661 114V 0 ured [punuopqy 6661 1dy S E| L
) &) (=) =) G661 Amnigad 0 ured puIwIopqy c661 Arenigad 8 E| 9
=) ) =) ) () &) 8661 Arenigad 0 ured [purwiopqy 8661 Arenigag Sl q S
) &) =) —) ) uolld g 9661 Arenuef 0 ured [punopqy 9661 Arenuef LI N 4
) ) = =) €661 U 0 ured [pUIIOPqy €661 UDIBIN 11 d €
) ) =) ) 6661 [1dY 0 ured [pUTWIOPQY 6661 1AV vl q T
==} ) ) *x(—) 6661 11dy 0 ured [eUIUOPQY 6661 [1dY L1 4 I
sjonuo))
uDd Asdorg ¥Od Asdorg uOd Asdorg Asdoig  x(Sypuow) yureiduwo) aed By X8 ON
uo[o) uwojo)  [eudpon@ [euspon@  OHISED duses) joaeq sdomoIquuUY P sisouselq yuaned

'§]04JU0D SNSAI4 ISDISIP w7 puv uwd jpuruopqo Juapsisaad d1uoayd Ynm syuanvd Jo synsas Ksdorq 2y 21V

Journal of Spirochetal and Tick-borne Diseases * Vol. 9, Spring/Summer 2002

14



CONCLUSION

Inflammation found in the stomach, duodenum, and
colon of patients with Lyme disease who had persistent
heartburn, abdominal pain, or blood in the stool may be
attributed to multiple etiologies, one of which is the pres-
ence and or persistence of Lyme DNA. Babesia,
Ehrlichia, and Bartonella as etiologies of persistent GI
symptoms unresponsive to Lyme antimicrobial therapy
deserves further investigation.
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