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Original article 

A novel Borrelia-specific real-time PCR assay is not suitable for diagnosing 
Lyme neuroborreliosis 

Regitze Renee Pedersen a,#, Kasper Nørskov Kragh a,#, Blaine Gabriel Fritz a, Mathilde Ørbæk b, 
Peter Østrup Jensen a,c, Anne-Mette Lebech b,d, Thomas Bjarnsholt a,c,* 

a Department of Immunology and Microbiology, Costerton Biofilm Center, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark 
b Department of Infectious Diseases, Copenhagen University hospital-Rigshospitalet, Copenhagen, Denmark 
c Department of Clinical Microbiology, Copenhagen University hospital-Rigshospitalet, Copenhagen, Denmark 
d Institute of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark  

A B S T R A C T   

Background: Diagnosing Lyme neuroborreliosis (LNB) is complicated by a lack of adequate test systems and by the complex culturing conditions required to grow the 
causative pathogens in the Borrelia sensu lato complex. Improved testing methods are urgently needed. Here, we evaluate the applicability of a novel commercially 
available Borrelia-specific real-time PCR assay to diagnose LNB. 
Materials and methods: The specificity and sensitivity of the novel alphaCube Borrelia real-time PCR assay (Mikrogen) and the well-tested Micro-Dx™ real-time PCR 
assay (Molzym) were evaluated in cerebrospinal fluid (CSF) spiked with known amounts of Borrelia garinii and CSF from 19 patients with definite or possible LNB. 
CSF from patients diagnosed with neurosyphilis or enterovirus meningitis served as controls. 
Results: The alphaCube assay specifically identified Borrelia down to 93 B garinii cells/mL in spiked CSF samples. The Micro-Dx™ real-time PCR assay was able to 
identify the presence of bacteria down to 9300 cells/mL in spiked samples. In CSF from patients diagnosed with LNB the sensitivity of the alphaCube assay was 0.00 
and 0.00 for the Micro-DX. 
Conclusion: Although the alphaCube Borrelia assay was able to identify down to 93 cells/mL in spiked CSF samples, the inability to identify Borrelia in CSF samples 
from patients with LNB suggests that this type of infection carries a bacterial load in CSF below this detection level. Based on these results, neither the alphaCube 
Borrelia real-time PCR assay nor the Micro-Dx™ real-time PCR assay can be recommended for routine diagnostics of LNB using CSF samples.   

Background 

Lyme neuroborreliosis (LNB) is a tick-borne infection caused by the 
spirochetes of the Borrelia burgdorferi sensu lato (s.l.) complex. Within 
this complex, the genospecies Borrelia garinii is the prime pathogen 
associated with LNB. In Europe, LNB is among the most prevalent bac-
terial infections of the nervous system. An incidence rate of 22 per 
100,000 person-years has been reported in Western Europe (Sykes and 
Makiello, 2017). 

The most common manifestation of LNB for adults is a self-limiting 
subacute, painful meningoradiculitis often combined with motor defi-
cits such as cranial nerve palsy. In children, LNB primarily leads to 
subacute lymphocytic meningitis and/or facial palsy (Kalish et al., 
2001). Although the clinical presentation of LNB is often quite typical, 
delayed diagnosis and treatment remain important challenges for 
improving patient care, especially among adults. 

In Europe, LNB is diagnosed by the guidelines from the European 

Federation of Neurological Societies. A definite case of LNB must fulfill 
the following three criteria, and a possible case only has to meet two of 
the criteria (Dessau et al., 2018; Mygland et al., 2010). These criteria 
are: (i) neurological symptoms; (ii) cerebrospinal fluid (CSF) pleocy-
tosis; (iii) B. burgdorferi s.l. specific antibodies produced intrathecally. 

Laboratory diagnosis of LNB is mainly based on serological tests 
detecting B. burgdorferi s.l. specific antibodies in serum and CSF. 
However, limitations due to cross-reactivity, delay of antibody forma-
tion, and persistence of antibodies after antibiotic therapy of LNB exist. 

Lyme borreliosis is often successfully treated with antibiotics 
(Nemeth et al., 2016; Steere et al., 2016). The definition of a chronic 
stage is debated, as the presence of active B. burgdorferi s.l. is chal-
lenging to detect with the current serological tests, as antibodies may 
persist for years after the initial infection (Kalish et al., 2001). Up to 20% 
of LNB patients with a disease duration of less than 2 weeks are reported 
to have negative intrathecal B. burgdorferi s.l. antibody index making 
antibody index tests suboptimal as a diagnostic tool (Leeflang et al., 
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2016) in patients with short disease duration especially children with 
LNB, who comprises up to 20–30% of Danish patients with LNB (Tetens 
et al., 2020; Knudtzen et al., 2017). There is a need to optimize the 
current diagnostic tools and develop new methods for more precise 
diagnoses. 

Molecular diagnostics, such as 16S rDNA sequencing and polymerase 
chain reaction (PCR), are an integrated part of modern microbiological 
diagnostics. 16S PCR has been used for decades to identify pathogens 
and is especially useful against pathogens that are difficult to culture 
(Aggarwal et al., 2020; Mishra et al., 2020; Fuursted et al., 2008). PCR, 
in particular real-time PCR, is a sensitive diagnostic tool for identifying 
low numbers of pathogenic microorganisms present in blood or CSF 
samples due to endocarditis, sepsis, or meningitis (Morel et al., 2015; 
Poppert et al., 2005). B. burgdorferi s.l. infection, particularly LNB, is an 
infection with low loads of a bacterium which is difficult to culture, 
making it a prime candidate for 16S real-time PCR diagnostics. 

This study investigated the applicability of two real-time PCR assays 
to diagnose LNB by comparing the specificity, sensitivity, and clinical 
relevance of the alphaCube Borrelia real-time PCR assay (Mikrogen) to 
the Micro-Dx™ real-time PCR assay (Molzym) for detecting the presence 
of B. burgdorferi s.l.. The novel alphaCube Borrelia real-time PCR assay 
was investigated due to the assay’s specificity to detect B. burgdorferi s.l. 
by utilizing primers specific to the B. burgdorferi s.l. The alphaCube 
Borrelia real-time PCR assay was compared to the Micro-Dx™ real-time 
PCR assay, which unspecifically identifies bacterial infection based on 
universal primers targeting bacterial 16S rDNA and is used routinely at 
Rigshospitalet for identification of bacteria in otherwise culture nega-
tive samples. 

Methods 

Patient samples included in the study 

Nineteen CSF samples from patients with LNB were included in the 
study, fourteen of which were definitive LNB patients (age 52–68 years), 
and five CSF were possible LNB patients (age 33–61 years). The defin-
itive and possible cases were defined by the guidelines from the Euro-
pean Federation of Neurological Societies (Mygland et al., 2010). All 
samples were obtained before the initiation of antibiotic treatment. 

Twelve CSF served as controls in the study. Six CSF from patients 
with neurosyphilis were diagnosed according to the presence of intra-
thecal Treponema pallidum antibodies and six CSF samples from pa-
tients with enterovirus meningitis. Baseline clinical characteristics are 
summarized in Table 1. 

Samples were stored at − 80 ◦C for up to 5 years until use. All patient 
samples were blinded for the researcher performing the test. Clinical 
sampling was approved under license H-19,027,317 issued by the Sci-
ence Ethics Committee F for the Capital Region of Denmark, Region 
Hovedstaden. 

Determining the sensitivity of the 16S micro-DXTM assay and alphaCube 
Borrelia assay by spiked-in Borrelia garinii cultures 

The cell count of B. garinii LU190 cultures was measured by flow 
cytometry by vortexing the sample thoroughly, adding 10 µl of sample 
and 1 µl Syto9™ to a BD Trucount™ (BD Biosciences) with 1 mL PBS. 
The samples were measured by a BD FACSCanto™ II (BD Biosciences) 
instrument as previously described (Ørbæk et al., 2020). 

The cultures were then centrifuged (10 min, 7000 x g) and directly 
added into the dilution series. The cultures were diluted in 10-fold 
dilution series consisting of 50% SU buffer and 50% pooled negative 
CSF collected from Rigshospitalet. The sensitivity assay was conducted 
twice on independent runs with varying amounts of starting cell density. 

Table 1 
Baseline characteristics.  

Characteristics of patients with definitive Lyme 
neuroborreliosis (n = 14) 

No. (%) / Median 
(IQR) 

Age, years 63 (52–68) 
Sex, female 5 (36) 
History of tick bite 10 (71) 
History of EM 3 (21) 
Duration of symptoms, days 21 (21–45) 
Neurogenic pain 12 (86) 
Cranial nerve palsy 6 (43) 
Peripheral nerve palsy 0 (0) 
Laboratory results No. (%) / Median 

(IQR) 
CSF leucocytes (106/L) 153 (86–237) 
CSF protein (g/L) 1.2 (0.8–2.3) 
B. burgdorferi intrathecal antibody index IgM and/or IgG 

positive 
14 (100) 

Serum-B. burgdorferi antibodies IgM and/or IgG positive 14 (100) 
Characteristics of patients with possible Lyme 

neuroborreliosis (n = 5) 
No. (%) / Median 
(IQR) 

Age, years 61 (33–61) 
Sex, female 3 (60) 
History of tick bite 2 (40) 
History of EM 1 (20) 
Duration of symptoms, days 30 (25–90) 
Neurogenic pain 3 (60) 
Cranial nerve palsy 2 (40) 
Peripheral nerve palsy 0 (0) 
Laboratory results No. (%) / Median 

(IQR) 
CSF leucocytes (106/L) 6 (0–12)* 
CSF protein (g/L) 0.51 (0.32–0.88) 
B. burgdorferi intrathecal antibody index IgM and/or IgG 

positive 
3 (60) 

Serum-B. burgdorferi antibodies IgM and/or IgG positive 4 (80) 
Characteristics of patients with neurosyphilis (n = 6) No. (%) / Median 

(IQR) 
Age, years 44 (39–64) 
Sex, female 1 (17) 
History of chancre 1 (17) 
Duration of symptoms, days 195 (21–250) 
Ocular symptoms 4 (67) 
Cognitive symptoms 2 (34) 
Skin manifestations 2 (34) 
Laboratory results No. (%) / Median 

(IQR) 
CSF leucocytes (106/L) 

Missing 
29 (13–189) 
2 

CSF protein (g/L) 
Missing 

0.68 (0.65–0.70) 
4 

CSF Wassermann reaction (WR) positive 
Missing 

3 (75) 
2 

T. pallidum intrathecal antibody index IgM and/or IgG 
positive 
Missing 

4 (100) 
2 

Serum Rapid plasma regain (RPR) 6 (100) 
Characteristics of patients with enteroviral meningitis (n =

6) 
No. (%) / Median 
(IQR) 

Age, years 36 (33–38) 
Sex, female 4 (67) 
Duration of symptoms, days 3 (1–4) 
Symptoms of CNS infection 6 (100) 
Laboratory results No. (%) / Median 

(IQR) 
CSF leucocytes (106/L)* 69 (41–193) 
CSF protein (g/L) 0.66 (0.49–0.86) 
PCR Enterovirus positive 6 (100) 

Abbreviations: EM, erythema migrans; IQR, Interquartile Range; T. pallidum, 
Treponema pallidum; CSF cerebrospinal fluid; IgG, immunoglobulin G; IgM, 
immunoglobulin M. PCR Polymerase Chain Reaction. 
Categorical variables are presented as n/N (%) and continuous variables as 
medians with interquartile rates (IQRs). 

* Three patients had <5 CSF leukocytes (106/L). 
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Extraction and purification of DNA from patient cerebrospinal fluid 
samples 

All patient samples had DNA extracted with both the Micro-Dx™ 
assay and the DNeasy Blood and Tissue kit (Qiagen). 

The extraction and purification of sample DNA with Micro-Dx™ 
assay and SelectNA™plus instrument were performed according to the 
manufacturer’s protocol and afterward stored at − 20 ◦C. For samples 
with a volume less than 1 mL, SU buffer was added until a total volume 
of 1 mL was reached (for volume of patient CSF sample see 
supplementary). 

The extraction and purification of sample DNA with the DNeasy 
Blood and Tissue kit were performed according to the manufacturer’s 
protocol, and 100 µl of the samples were used. The extracted DNA 
samples were stored at − 25 ◦C degrees. 

The concentration of extracted DNA from both assays was quantified 
with a Qubit™ Fluorometer (Invitrogen). 

Real-time PCR and bacterial identification with the micro-DXTM assay 

Reagents from the Micro-Dx™ assay were used to perform the real- 
time PCR, following the manufacturer’s protocol. The real-time PCR 
assays were performed in a LightCycler® 480 (Roche) instrument. Every 
sample was analyzed with the Micro-Dx™ assay twice. The manufac-
turer defined a positive result as a melting-curve peak between 87 and 
91 ◦C. PCR products were stored at − 80 ◦C degrees. All PCR products 
from the Micro-Dx™ real-time PCR assay were analyzed using a 2% 
agarose gel electrophoresis to confirm results. The gel electrophoresis 
was performed as recommended by the Micro-Dx™ manufacturer’s 
protocol and read through a Gel Doc™ XR + (BioRad). Positive samples 
were identified as those containing an apparent band at ~450 bp. To 
confirm the detection of Borrelia burgdorferi s.l., Sanger sequencing was 
performed on the PCR product with the QIAquick PCR purification kit 
following manufacturers protocol. Samples were then sent to Eurofins 
Genomics for Sanger sequencing. Obtained Sanger sequences were then 
analyzed using Sequencing Analysis 5.3.1 software to obtain a sequence 
of quality base-calls. The sequences were then entered into SepsiTest 
Blast Database and NCBI BLAST database to identify the bacterial spe-
cies present. 

Real-time PCR assay with the alphaCube Borrelia assay 

The alphaCube Borrelia assay was performed according to the 
manufacturer’s recommendations. The ready-to-use master mix was 
spun down briefly. Control DNA was then added to the master mix at a 
ratio of 0.5 µl control DNA per 16 µl of master mix. 16 µl of the mix was 
then added to PCR reaction tubes, which were kept in PCR coolers 
during handling. 4 µl of the sample DNA eluates, DNA-free water con-
trol, positive and negative controls and extraction controls were added 
to the PCR reaction tubes. All patient samples were analysed in 
duplicate. 

The real-time PCR assays were performed in a LightCycler® 480 with 
the detection channels FAM (465–510) and HEX (533–580). The posi-
tive samples were defined as samples with signal in the FAM channel. 
Every sample was analyzed with the alphaCube Borrelia assay twice. 

Results 

Limit of detection for two real-time PCR assays in spiked CSF samples 

To compare the sensitivity of the two PCR assays, a pure culture of B. 
garinii LU190 was enumerated with FACS and spiked into fresh CSF 
from patients without CSF pleocytosis and with a negative B. burgdorferi 
antibody index at known concentrations. DNA was purified from the CSF 
using the SelectNA method and used as input to both the 16S Micro-Dx 
and alphaCube Borrelia PCR assays. 

The first run was conducted from samples spiked-in with ten-fold 
dilutions of cells for final concentrations ranging from 9.3 × 107 down 
to 93 cells/mL. The alphaCube Borrelia was able to specifically identify 
down to 93 B garinii cells/mL in both duplicates. The 16S Micro-Dx 
assay was able to identify down to 9300 cells/mL in both duplicates 
(Table 2). As the tested dilutions were above the lower limit of the 
detection for alphaCube Borrelia assay, a second run was performed 
with ten-fold dilutions down to a theoretic lower limit of 0.02 cells/mL. 
In this second run, alphaCube Borrelia assay specifically identified down 
to 200 cells/mL (Table 2). In the second run, internal controls failed for 
the 16S Micro-Dx PCR assay and were therefore excluded. 

Analyzing clinical cerebrospinal fluid samples with two real-time PCR 
assays 

To evaluate the ability of the alphaCube Borrelia and MicroDx™ PCR 
assays to detect Borrelia in clinical samples, DNA was extracted from 
CSF samples from patients diagnosed with LNB. The DNA was then used 
as input for both PCR methods and the results were compared with the 
clinical diagnosis. Results from the analysis are displayed in Tables 3 and 
4. 

Neither the alphaCube nor the Micro-Dx assay were able to consis-
tently detect Borrelia in CSF from patients with LNB. The alphaCube kit 
detected Borrelia in 0 of 19 CSF samples from patients with LNB, while 
the Micro-Dx kit detected bacterial DNA in 1/19 CSF samples. CSF 
samples from patients with neurosyphilis and patients with enterovirus 
meningitis were all PCR negative for B. burgdorferi s.l. DNA in the 
alphaCube assay whereas the MicroDx kit identified bacterial signals in 
4/14 CSF samples from the control patients. However, these PCR 
products were sequenced by Sanger sequencing, which did not identify 
the PCR product as Borrelia. 

As the Micro-Dx PCR assay does not specifically target B. burgdorferi 
s.l., the PCR products were examined by gel electrophoresis as well as 
sent for Sanger sequencing. All samples that tested negative using the 
16S Micro-Dx PCR lacked a PCR product by agarose gel electrophoresis. 
The PCR positive in the Micro-Dx assay from the CSF sample from the 
LNB patient was confirmed to contain a PCR product of the correct 
length (~410 bp). The positive neurosyphilis samples (sample ID 45, 
131 and 140) as well as the positive enterovirus samples (sample ID 116) 
also contained PCR products of the correct length (Figure S1 and S2). 
None of the positive samples from the 16S Micro-Dx aligned with Bor-
relia 16S DNA, but rather Staphylococcus sp. and other likely contam-
inants (Table S4). 

All samples, regardless of the measured amount of DNA, were sub-
jected to real-time PCR. 

Discussion 

The evaluation of alphaCube specific Borrelia real-time PCR assay 
showed an ability to identify down to 93 cells/mL B. garinii specifically 
but could not identify any ongoing infection in CSF samples from pa-
tients with LNB. 

The real-time PCRs for the two assays on spiked bacterial samples 
revealed that the limit of detection depends on the DNA-extraction 

Table 2 
Lowest dilution of spiked-in cells the PCR kits was able to detect from DNA 
extracted with the SelectNA extraction kit. Samples were diluted in 10-fold di-
lutions between 9.3 * 107 to 93 cells/mL and 2 * 107 to 0.02 cells/mL.   

Limit of Detection (CFU/mL) 
Real-time PCR system 16S Micro-Dx 

PCR 
alphaCube Borrelia real-time 
PCR 

1st run (93 – 9.3 * 107 cells/ 
mL) 

9300 93 

2nd run (0.02 – 2 * 107 cells/ 
mL) 

NA* 200  
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method. Interestingly, the limit of detection was lower for the alpha-
Cube Borrelia PCR when using the SelectNA plus DNA extraction than 
the DNeasy blood and tissue kit, despite more DNA being isolated with 
the DNA. There was no influence between the DNA extraction method 
and the identification of B. burgdorferi s.l. in CSF samples from LNB 
patients, which all consistently were negative. 

The primary diagnostic test for LNB is based on detection of an 
intrathecal B. burgdorferi antibody production. However, these tests are 
limited due to a low sensitivity in patient with short disease duration and 
due to antibodies persistence years after completed antibiotic therapy 
for LNB. A more precise diagnostic tool is therefore needed to detect 
active LNB cases. Molecular test may be a feasible approach in detecting 
the presence of B. burgdorferi s.l. pathogens, as a supplement to the 
current EFNS guidelines. 

In this study, a novel B. burgdorferi s.l. specific real-time assay was 
evaluated for clinical diagnostics use, based on its sensitivity and spec-
ificity for diagnosing due to detection of B. burgdorferi s.l. presence CSF 
from patients with definite and possible LNB according to EFNS guide-
lines. In addition, the novel assay was compared to the findings of a 
widely used unspecific 16S real-time PCR assay. 

When challenged to identify Borrelia 16S DNA in patient CSF, 
alphaCube assay failed, regardless of the extraction method. All 19 CSF 
originated from patients diagnosed with LNB; it would be the sample 
type that such an assay would be intended for. It was therefore 
discouraging that the assay failed to identify any ongoing infection. 

The Micro-Dx™ assay returned positive for bacterial 16S DNA in five 
samples: one LNB, three neurosyphilis, and one enterovirus meningitis 
sample. However, a positive result with this Micro-Dx™ 16S real-time 
PCR assay does not indicate Borrelia present in the samples, but sim-
ply that bacterial DNA is present. It was not possible to fit any of these 
products’ sequences with the meta-genome of the B. burgdorferi s.l. 
using BLAST. These positive results could, therefore, indicate mismatch, 
unspecific binding, or contamination. 

The two assays’ level of detection was examined using spiked-in 
samples. We found that the level of detection was different according 
to which extraction method and which PCR assay was used. The com-
bination of SelectNA™plus instrument and the alphaCube real-time PCR 
assay was the most sensitive, followed by the DNeasy extraction kit and 
the alphaCube assay. The DNeasy Blood and Tissue extraction kit was 

able to extract more total DNA than the Micro-Dx™ assay with the 
SelectNA™plus instrument (Fig. 1). However, as the Micro-Dx™ assay is 
designed to remove eukaryotic DNA from clinical samples, this amount 
may mislead the extracted prokaryotic DNA. Large amounts of eukary-
otic DNA have been described to interfere with the real-time PCR 
identification of low cell number pathogens in clinical samples 
(Stavnsbjerg et al., 2017). 

Despite that the specific alphaCube Borrelia assay was able to detect 
as little as 93 spirochetes per mL, the assay could not detect Borrelia in 
any of the LNB samples. This could indicate that there are less than 93 
spirochetes per mL CSF. In addition, direct cell microscopy in CSF has 
indicated a sparse bacterial cell count, even in patients with severe 
symptoms (Bergler-Klein et al., 1993; De Koning et al., 1987), which 
might result in the bacterial cell count being insufficient for current 
molecular methods. 

Based on the presented results, neither real-time PCR assays can be 
recommended as a diagnostic tool for LNB. However, the limitation of 
only 19 included patients should be considered. 

In pediatric LNB cases with a short disease duration detection of B. 
burgdorferi s.l by PCR has been reported to be as high as 46%, sug-
gesting that PCR can be a supplement in patients with short disease 
duration where the intrathecal B. burgdorferi antibody production can 
still be negative (Skogman et al., 2021; Barstad et al., 2018; Lager et al., 
2021). 

Other studies investigating the potential of real-time PCR on CSF 
samples from LNB patients also found discouraging results. The sensi-
tivity ranges from 19% to 46% (Barstad et al., 2018; Forselv et al., 2018; 
Ornstein et al., 2002), indicating that current extraction methods and 
real-time PCR methods are not sensitive enough and negative results 
cannot exclude LNB with the current sensitivity of real-time PCR. 
Real-time PCR is a potential diagnostic tool for detecting B. burgdorferi 
s.l. DNA in CSF from LNB patients; however, this may require the 
development of more sensitive real-time PCR assays. Recently, a study 
presented an optimized protocol for the detection of B. burgdorferi s.l. in 
CSF from children with LNB based on the use of a large volume of CSF, a 
B. burgdorferi s.l. concentrating step (centrifugation) prior to the 
isolation of DNA, and replicate testing with two different PCR assays 
(Barstad et al., 2018). 

There is a need for a sensitive diagnostic method to diagnose these 
patients correctly and optimize the current suboptimal diagnostic 
method. 

Conclusion 

In conclusion, neither of the two tested assays is applicable for 
testing LNB patients, despite the alphaCube specific Borrelia real-time 
PCR assay being sensitive to around 93 spirochetes per ml. There is a 
need for further research in this area to optimize the diagnosis of LNB 
patients. 

Table 3 
2 × 2 Contingency table for comparison of the alphaCube and Micro-DX PCR assays with clinical diagnosis of Lyme neuroborreliosis based on the guidelines from the 
European Federation of Neurological Societies. PPV = positive predictive value, NPV = Negative predictive value.   

Clinical Condition  
Patients with Lyme neuroborreliosis (+) Patients with neurosyphilis and enterovirus meningitis 

alphaCube Borrelia + B. burgdorferi s.l. 0 0 0.00 PPV 
- B. burgdorferi s.l. 19 12 0.38 NPV   

0.00 1.00 0.38 Accuracy   
Sensitivity Specificity   
Neuroborreliose (+) Neuroborreliose (-)  

MicroDx + B. burgdorferi s.l. 0 0 0.00 PPV 
- B. burgdorferi s.l. 19 12 0.38 NPV  

0.00 1.00 0.38 Accuracy 
Sensitivity Specificity   

Table 4 
Comparison of DNA extraction method versus limit of detection and identifi-
cation of B. burgdorferi s.l. in clinical samples for the alphaCube PCR assay.   

Condition DNeasy Blood 
and Tissue 

SelectNA™ 
plus 

Limit of 
Detection 
(Cells/mL) 

1st run (93 – 9.3 * 107 

cells/mL) 
930 93 

2nd run (0.02 – 2 * 107 

cells/mL) 
200 200 

Clinical 
Diagnosis 

Lyme neuroborreliosis 0/19 0/19 
Neurosyphilis 0/6 0/6 
Enterovirus Meningitis 0/6 0/6  
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