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ABSTRACT

Dyslipidemia and dyslipoproteinemia are common causes
of metabolic and cardiovascular diseases. On the ather hand,
intracellular bacteria, such as Borrelia burgdorferi, utilize host
lipids to survive and disseminate within the host. Recent data
suggest that elevated lipids are a contiibuting factor to the
maintenance and severity of lyme discase and its complica-
tions. Here we review and discuss the role of lipids in Borreliosis
and report on a pilot trial to examine the potential roles of
circulating lipids and lipoproteins in patients with Borrelia
infection. In this analysis we assessed the clinical and lipid pro-
files of 519 patients (319 women, 200 men)with a proven his-
tory of Lyme disease, before and after an extracorporeal double
membrane filtration. Lipid profiles pre- and post-apheresis
were analyzed in conjunction with clinical symptoms and pa-
rameters of inflammation. Circulating cholesterol. triglycer-
ides, LDL, L P(a), and other inflammatory lipids were significant-
ly reduced after the apheresis, while symptams of the disorder
and bioindexes of inflammation such as CRP improved. Further
studies should be initiated to investigate the possibly causal
relation between Lyme disease and circulating lipids and to
desian appropriate therapeutic strategies.

Introduction

Borrelia bacteria recruit and metabolize host lipids that are essen-
tial for their growth and survival [1]. Therefore, lyme disease
caused by Burielia burgdorferi requires cholesterol for survival of
the microbe in vive. Cholesterol acquired from the environment is
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aprerequisite lor the formation of cholesterol glycolipids that need
Lo be incorporated into the membranes of Borrelia. furthermare,
cholesterol and cholesterol-glycolipids, that are crudial tor bacte-
rial fitness, are antigenic and play a role in mediating interactions
with cells of eukaryotic organisms infected with Borrelia burgdor-



feri|2] Recent data demonstrated that dyslipidemia could be a risk
factor lor enhanced severity in Lyme disease [3]. Thus, in apolipo-
protein [ (apof) - deficient and low density lipeprotein receptor
(I DLR) - deficient mice that exhibit a prominent hypercholester-
olemia, infection with . burgdorferi led to an increased number of
spirochetes in the joints and inflamed ankles of the animals with
elevated cholesterol fevels [3].

Hypeilipidemia is extremely common in our modern Western
sodiety, suggesting that elevated cholesterol levels might consti-
tute arisk factor for more widespread. prolonged, and severe forms
of lyme disease. On the other hand, various infectious agents, in-
cluding spirochetes, are associated with atherosclerosis and cardi-
ovascular complications [4]. In regions with endemic Lyme disease,
seropositivity lor anti-Borrelia 1gG antibodies was independently
associated with atherosclerosis |4]. Hence, exposure to spirochet -
es may increase the risk for atherosclerosis. Borrelia burgdarferi
was even implicated in carotid plague disease [5].

In this study. we analyzed the clinical and lipid profiles of
patients with a proven history of Lyme disease before and after an
extracorporeal double membrane filtration. Lipid profiles pre- and
post-apheresis were analyzed in conjunction with clinical symp-
toms and indexes of inflammation.

Materials and Methods

Atotalof 519 patients (319 women, 200 men) with an established
diagnosis of Lyme disease were enrolled in this study. In all patients,
the initial diagnosis of Lyme disease had been established by clini-
cal signs, including the appearance of a cutancous lesion as an
erythematous annular rash with a centrifugal extension following
atick bite. In line with current guidelines for the diagnosis of Lyme
disease in routine clinical practice, all patients underwent 3 two-
tier serolagical testing using an LLISA 35 a screening test, followed
by animmunoblot [6],

The average age of women was 51.7 years and that of men 49.3
years. Body height women: 165.6 cm and men 178.8 cm; Body
weight women 64.7 kg and men 79.1 kg. The body mass index cal-
culated from these measurements was 23.6 kg/m? inwomen and
24,7 kgfm? in men.

In all patients, an extracorporeal double membrane filtration
(INUSpheresis® ) was performed. The mean plasma Lurnover in
women was 2.276ml and in men 3.276 ml. The mean treatment
lime was 115 min. Patient informed consent was received from all
patients for this pilot study.

In all patients circulating triglycerides, cholesterol, LDE, HDL,
Lp(a), Lp-PLA2, and CRP were determined (Saarstedt Serum. Labor
IMD, Dr. Baehr Berlin, Labor Synlab Weiden). Statistics was pei-
formed by KB Medical Consulting GCmbH, Cham employing a two-
tailed I-test.

Results

Patients in this pilot trial had an established diagnosis of Lyme dis-
case and a high level of sufiering, with a Burrascano score above 3
(normal < 1). They presented with a significant elevation of LDL,
[ipoprotein (a) and inflammatory lipids, such as lipoprotein-asso-
cated phospholipase A2 (1 p-PLA2), as compared to not mal refer-
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ence values. They also had a significant increase in CRP, as com-
pared to unaffected reference values. In contrast, oxidized 1 DI
(MDA-1 DL levels were not significantly higherin the patient group
than reference values.

Following extracorporal double membrane filtration (INUSpher-
csis), there was a clinical improvement with a 70 % decrease in cho-
lesterol. triglycerides and LDL levels while Lipoprotein (a) levels
were reduced by 50 % (» Fig. 1). Lp-PLAZ levels declined by 40%
{» Fig. 2). There was a 3-fold decrease in CRP levels following apher-
esis (» Fig. 3).

Discussion

Patients who had experienced an exposure to Borrelia and exhibit-
¢d clinical signs of Lyme disease with a significant level ol suflering
had elevated circulating lipid levels compared to an age-matched
normal reterence population. It was previously shown thet patients
with lyme arthritis or neurobarreliosis demonstrated distinct plas-

» Fig. 1 Lipid profile in patients with Lyme disease before and after
extracorporal double membrane filtration (INUSpheresis ) (n =519,
*Tp<0.001)
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» Fig. 2 Lipoproten associated phospholipase A2 (LP-PLA2) levels
in patients with Lyme discase betore and after apheresis (77 "p<0 001).
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» Fig. 3 CRPlevels in patients with Lyme disease before and after
apheresis (" ' p<0.001)

ma lipidomic profile signatures. This was based on a comprehen-
sive analysis employing LC-MS/MS. and these altered lipid profiles
were suggested as polentially useful biomarkers for the diagnosis
of invasion of the central nervaus system and/or the joints |7, 8].

The causes of elevated lipids, including LDL, trigfycerides, and
otherinflammatory lipids in patients with Lyme discase may be sev-
eral and complex. Thus, they may range from a common genetic
predisposition to dyslipidemia as is known in Western societies, to
metabolic, inflammatory and psychosocial stress associated with
the infection and the long-term complications of the disease. Pa-
tients do have inflammatory stress inferred by a significant increase
ininflammatory biomarkers, including CRP and various cylokines.
Turthermore, patients suffer from a persistence of clinical compli-
cations, as documented by decreased quality of life scores and in-
creases in circulating cortisol.

The most rapid and efficient way to remove lipids from the
human body is through plasma apheresis. Apheresis has been wide-
ly used in patients with lamilial hypercholesterolemia or other lipid
disorders involving therapy-refractory elevations of triiglycerides,
cholesterol or lipoprotein (a) [9-12). Lipid apheresis has been the
most reliable method available 1o prevent and reduce cardiovas-
cular events in patients with severe lipid disorders [9-12].

tlevation of LDL and triglycerides in patients with Lyme disease may
sugaest the need for treatment and effective elimination of lipids and
inflammatory proteins. This is based on recent experimental data
demonstrating that hyperc holesterolemia results in more severe and
prolonged infections with Borrelia [3]. Reduction of cholesterol and
triglycerides could, however, be achieved also by a simple medical
treatment with statins or other lipid-lowering drugs. Unfortunately,
this therapy would nol be expected to influence other inflammatory
lipids and proteins that have been implicated in the pathogenesis of
lvme disease and the maintenance of chronic disease.

Oxidized phospholipids have recently been identified as an uni-
Iving link explaining the causal relations of lipoprotein {a) and car-
diovascular disease | 13]. Indeed, significant increases in circulating
lvsaphosphatidylcholines and sphingomyelins were observed in
patients with Lyme disease and correlated with central nervous sys-

328

¥ Thieme

tem invasion (neuroborreliosis) | 7]. In our study, we demonstrated
a significant decrease in lysophosphatidylcholines.

[icosanoids and related bioactive lipid mediators derived from
polyunsaturated fatty acids seem to orchestrate an “inflammatory
storm” through the wide-spread activation of inflammatory recep-
tors by infectious agents, indluding spirochetes [ 14]. This may trig-
ger an “inflammatory memory” driving the disease process into a
chionic state, even in the absence of an infectious burden. Tinally,
Borrelia burgdorteri infection itsell induces lipid mediator produc-
tion during Lyme arthritis [15]. This includes eicosanoid bio-
synthetic pathways mediating inflammatory respanses, tiiggering
possibly not only acute arthritis, but other long-term autoimmune
reactions [ 15].

The great advantage of the double membrane apheresis used
in our setting is the removal of all these dasses of lipids, including
phospholipids. ceramides. sphingomyeling and eicosanoids [16].
Such s comprehensive reduction of all lipid classes that have been
implicated in the aggravation and maintenance of chranic Lyme
disease may constitute a powerful therapeutic toot for these pa-
tients. The results presented in this study, including a large num-
ber of patients that had a significant improvement of their symp-
toms and other frequent complaints, may indeed corroborate a
causal link. An improvement of symptoms would be expected on
the basis of the apheresis of baclerial toxins and/or the circulating
inflammalory mediators and this is testable.

Patients were evaluated by different clinical scores, such as the
Burrascano Score before and after treatment that suggested clini-
cal improvement. These scores have a strong subjective compo-
nent and therefore we locused on the clinical lab parameters.

However, given the complexity of the disease process and the sub-
jective nature of the available disease scares, a firm cause-and-cflect
relation cannot be proclaimed. Apheresis treatment may even induce
asignificant placebo effect. Thus, to rule out nonspecific effects, fur-
ther mechanistic studies, and randomized controlled trials, including
asham-treated patient group, would be required.

Given the evidence that [1] lipids are implicated in the patho-
genesis and severily of Lyme disease and its camplications [ 2], and
the fact that elevated DI and triglycerides are a significant risk fac-
tor (particularly in combination with inflammation) for cardiovas-
cular disease, and |3] the documented risk of patients with lyme
disease for other atherosclerosis, ischemic strokes and carditis
[17.18] and, (4] finally, the role of cardiomelabolic disturbances,
including obesity and dyslipidemia, may suppress innate immuni-
ty and allow neuroborreliosis |19, 20]. These data clearly justity the
need for further studies providing individualized and effective tieat-
ment for this patient group
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