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1st Editorial Decision

February 7, 2022 

Dr. Tamara van Gorkom
Diakonessen hospital Utrecht
Medical Microbiology and Immunology
Bosboomstraat 1
Utrecht, Utrecht 3582 KE
Netherlands

Re: Spectrum00061-22 (Retrospective evaluation of various serological assays and multiple parameters for optimal diagnosis of
Lyme neuroborreliosis in a routine clinical setting)

Dear Dr. Tamara van Gorkom: 

While a small study, both the reviewers and I felt this is a very useful contribution to the field. Please address the concerns of the
reviewers, which should not require any additional experimentation. 

Thank you for submitting your manuscript to Microbiology Spectrum. When submitting the revised version of your paper, please
provide (1) point-by-point responses to the issues raised by the reviewers as file type "Response to Reviewers," not in your
cover letter, and (2) a PDF file that indicates the changes from the original submission (by highlighting or underlining the
changes) as file type "Marked Up Manuscript - For Review Only". Please use this link to submit your revised manuscript - we
strongly recommend that you submit your paper within the next 60 days or reach out to me. Detailed instructions on submitting
your revised paper are below.

Link Not Available

Thank you for the privilege of reviewing your work. Below you will find instructions from the Microbiology Spectrum editorial
office and comments generated during the review. 

ASM policy requires that data be available to the public upon online posting of the article, so please verify all links to sequence
records, if present, and make sure that each number retrieves the full record of the data. If a new accession number is not linked
or a link is broken, provide production staff with the correct URL for the record. If the accession numbers for new data are not
publicly accessible before the expected online posting of the article, publication of your article may be delayed; please contact
the ASM production staff immediately with the expected release date.

The ASM Journals program strives for constant improvement in our submission and publication process. Please tell us how we
can improve your experience by taking this quick Author Survey.

Sincerely,

Catherine Brissette

Editor, Microbiology Spectrum

Journals Department
American Society for Microbiology
1752 N St., NW
Washington, DC 20036
E-mail: spectrum@asmusa.org

Reviewer comments:

Reviewer #1 (Comments for the Author):

In this manuscript Van Gorkum et al describe their evaluation of several serological assays and additional laboratory assays to
diagnose Lyme neuroborreliosis. The methods used in this study are sound and the conclusions are worthwhile. It's a bit
unfortunate that not more neuroborreliosis cases could be included in this study, because this might have aided with the
comparison of the performance of the serological assays.

https://www.surveymonkey.com/r/ASMJournalAuthors


I have no further questions or suggestions for this manuscript. I think the word 'proof' in line 520 and 536 should be replaced by
'prove'.

Reviewer #2 (Comments for the Author):

The paper is an impressive result of an extensive analysis of paired CSF-serum samples in various assays for Lyme
neuroborreliosis. I have a number of comments.
1. In table 4, details on sensitivity and specificity of the various assays are shown, and it is clear that some patients, especially
possible LNB, are negative. As stated by the authors (l.83-88) this could be due to short duration of disease or early treatment.
However, this is not discussed in the text. Adding duration of disease -and, if known, early antibiotic treatment to supplementary
figure 3 (only relevant for cases, not for controls) and discussing them in the text on sensitivity of antibody assays would greatly
add to the value of the manuscript.
2. L. 326: Details on the selection of the 156 patients have already been published (31). The authors refer to reference 31, and
one gets the impression that the same panel of patients is described. However, a close look at the number of dLNB, pLNB and
non-Lyme cases in this reference show that these differ between the numbers in this manuscript and the numbers in reference
31. The authors should explain these differences. Apparently a few different samples have been used. Alternatively, patients
could have been reclassified, but this might have consequences for the analysis in reference 31.
3. The authors state that all patients were eligible if a paired blood and serum sample for Borrelia testing were received, and in
addition (L.119-120) that a prerequisite for patients to be included was the availability of at least 1250 µl of CSF and 110 µl of
serum. This could well have influenced the results, especially with regard to inclusion of children, from whom usually less CSF is
obtained. The authors do not mention anything about this issue. Table 1 suggests that there were few, if any, children included. If
pediatric LNB was excluded beforehand, this could be stated. Otherwise, some epidemiological data regarding LNB cases
diagnosed in the study period, but excluded for lack of availability of a blood sample or insufficient volume of CSF would be
helpful whether these patients differed from the 17 cases included in the study.
Minor comments: 
4. PCR for Borrelia species was done, but details (reference?) could be mentioned.
5. To obtain a good impression of a quantitative parameter such as age, duration of disease, pleocytosis, glucose and total
protein, ranges or interquartile ranges provide more insight than 95% confidence interval. Since the number of patients with LNB
is low, interquartile range would not add much and ranges should be provided. This might be done in a supplementary table if
the authors want to keep the 95% Cis in table 3 because of statistics. 
6. L 454-459: The sensitivities and NPVs of most RF models were higher than the upper limit of the respective 95% CIs obtained
using the results of the antibody assays only, except for the C6 and the Enzygnost ELISA (Table 5 and Figure 1A/B). In
contrast, the specificities and PPVs of most RF models were comparable with those of the antibody assays only, except for the
IDEIA and the Medac ELISA for which the specificities and PPVs obtained using RF modelling were below the lower limit of the
respective 95% CIs obtained using the results of the antibody assays only. I would conclude that the consequence would be that
in case of a negative result in an antibody assay, other parameters should be taken into account to increase sensitivity; in
contrast, if an antibody assay is positive, other parameters should not be taken that much into account (at least not as done in
the RF model), since this might decrease specificity and PPV. Is this correct? If so, could this be stated?
7. A request for a Lyme test on CSF does not tell that the patient really had clinical symptoms suggestive of LNB as defined by
ENFS. Apparently, this was not checked by the authors, and for convenience reasons it was supposed that if a clinician had
made a request for a Lyme test on CSF, these symptoms existed. I would consider this acceptable, but in the various passages
where this is addressed (methods, table 3 note c, supplementary figure 1) the text should rather be "Clinical symptoms
suggestive of LNB were supposed to be present when a request....."
8. L.534-536: The EFNS recommends to use an AI calculation to proof (prove?) intrathecal synthesis of Borrelia-specific
antibodies (3) and this is confirmed in our study. I would omit that conclusion, since no analysis was performed on assays on
CSF only -except C6 and blot, for which the conclusion does not hold for C6 (see below). 
9. L.537-539: The NPVs of the antibody assays only and those of the RF models showed that a Reiber-based CSF-serum assay
is preferred as the respective NPVs were highest. This is not correct, the NPV of the C6-assay is 99.3% (figure 1) and therefore
higher than most of the Reiber-based assays.
10. Abstract l 37-38: RF modelling demonstrated that most of the sensitivities of the antibody assays could be improved by
including other parameters. The authors probably mean "sensitivity of most antibody assays...."
11. From l.242-249 it can be concluded that "two tier-serology" means C6 EIA in serum followed by immunoblot. However, in
table 3 and especially in table 6 -where CSF-serum pairs are tested with other ELISAs- a footnote could be added to clarify this.
In clinical practice, if an ELISA would be used to determine whether intrathecal antibodies are present, the same assay would
probably be used to screen serum for anti-Borrelia antibodies, but an analysis in which the different ELISAs were considered as
screening assays was not done in this study.



Staff Comments:

Preparing Revision Guidelines
To submit your modified manuscript, log onto the eJP submission site at https://spectrum.msubmit.net/cgi-bin/main.plex. Go to
Author Tasks and click the appropriate manuscript title to begin the revision process. The information that you entered when you
first submitted the paper will be displayed. Please update the information as necessary. Here are a few examples of required
updates that authors must address: 

• Point-by-point responses to the issues raised by the reviewers in a file named "Response to Reviewers," NOT IN YOUR
COVER LETTER. 
• Upload a compare copy of the manuscript (without figures) as a "Marked-Up Manuscript" file. 
• Each figure must be uploaded as a separate file, and any multipanel figures must be assembled into one file.
• Manuscript: A .DOC version of the revised manuscript 
• Figures: Editable, high-resolution, individual figure files are required at revision, TIFF or EPS files are preferred

For complete guidelines on revision requirements, please see the journal Submission and Review Process requirements at
https://journals.asm.org/journal/Spectrum/submission-review-process. Submissions of a paper that does not conform to
Microbiology Spectrum guidelines will delay acceptance of your manuscript. "

Please return the manuscript within 60 days; if you cannot complete the modification within this time period, please contact me. If
you do not wish to modify the manuscript and prefer to submit it to another journal, please notify me of your decision
immediately so that the manuscript may be formally withdrawn from consideration by Microbiology Spectrum. 

If your manuscript is accepted for publication, you will be contacted separately about payment when the proofs are issued;
please follow the instructions in that e-mail. Arrangements for payment must be made before your article is published. For a
complete list of Publication Fees, including supplemental material costs, please visit our website.

Corresponding authors may join or renew ASM membership to obtain discounts on publication fees. Need to upgrade your
membership level? Please contact Customer Service at Service@asmusa.org.

Thank you for submitting your paper to Microbiology Spectrum.

https://www.asmscience.org/Microbiology-Spectrum-FAQ
https://www.asm.org/membership


Response to the reviewers’ comments 

 

General comment to the editor from the author: 

Thank you for giving us the opportunity to submit a revised version of the manuscript 

‘Retrospective evaluation of various serological assays and multiple parameters for optimal 

diagnosis of Lyme neuroborreliosis in a routine clinical setting’ for publication in ‘Microbiology 

Spectrum’. We appreciate the time and effort that you and the reviewers dedicated to providing 

feedback on our manuscript and are grateful for the insightful comments. We have incorporated 

most of the suggestions and believe these have improved our manuscript. Please see below our 

point-by-point response (in italic and blue text) to the reviewers’ comments. All line and page 

numbers refer to the revised manuscript with tracked changes. 

 

  



Reviewer #1: (Comments for the Author): 

 

In this manuscript Van Gorkum et al describe their evaluation of several serological assays and 

additional laboratory assays to diagnose Lyme neuroborreliosis. The methods used in this study 

are sound and the conclusions are worthwhile. It's a bit unfortunate that not more neuroborreliosis 

cases could be included in this study, because this might have aided with the comparison of the 

performance of the serological assays. 

 

Comment author: We thank the reviewer for thoroughly reading this manuscript. Indeed, the 

number of Lyme neuroborreliosis (LNB) patients in our study is limited, but this is inherent to the 

cross-sectional study design. A case-control study would have been easier to perform and would 

have included more LNB patients, but has a risk of introducing bias, since such a study excludes 

patients who are difficult to diagnose (1). By choosing a cross-sectional study design, which 

comprised almost three years, the number of LNB patients was in line with the expected number 

of LNB patients to be included in our hospital during the predefined study period, as was 

discussed on page 28 (lines 592-597). 

 

I have no further questions or suggestions for this manuscript. I think the word 'proof' in line 520 

and 536 should be replaced by 'prove'. 

 

Comment author: 

We thank the reviewer for bringing this to our attention and the suggested corrections have been 

made (page 27; lines 567 and 583). 

 

Reviewer #2 (Comments for the Author): 

 

The paper is an impressive result of an extensive analysis of paired CSF-serum samples in 

various assays for Lyme neuroborreliosis. I have a number of comments. 

 

Comment author:  

We would like to thank the reviewer for thoroughly reading this manuscript and for the 

thoughtful comments and constructive suggestions and have revised accordingly. We feel that the 

manuscript is greatly improved as a result. 

 

 

1. In table 4, details on sensitivity and specificity of the various assays are shown, and it is clear 

that some patients, especially possible LNB, are negative. As stated by the authors (l.83-88) 

this could be due to short duration of disease or early treatment. However, this is not 

discussed in the text. Adding duration of disease -and, if known, early antibiotic treatment to 

supplementary figure 3 (only relevant for cases, not for controls) and discussing them in the 

text on sensitivity of antibody assays would greatly add to the value of the manuscript. 



 

Comment author: 

We thank the reviewer for bringing this to our attention. In this study, the sensitivities of the 

antibody assays to diagnose LNB among definite and possible LNB patients ranged between 

47.1% and 100% and this might be caused by a number of reasons. As was mentioned in the 

Introduction section, a negative test result might be explained by a short disease duration or 

early antibiotic treatment (page 5, lines 83-88 of first submission). However, it might also be 

caused by other reasons such as the antigen composition of the antibody assays, which might 

- at least in part - explain the variety in sensitivities found between the assays. Negative test 

results can also be obtained when the antigens present in the assay do not match the antigens 

expressed by the B. burgdorferi sensu lato strain causing disease. This mismatch can be 

caused by the intra- and interspecies heterogeneity of B. burgdorferi sensu lato (2-7) and/or 

the antigenic variation that bacterium can apply during the course of disease (8).This has 

now been added to the Introduction section, including references (page 5, lines 91-94) and to 

the Discussion section (page 24, lines 508-510).We also adjusted some of the text in the 

Introduction section covering this issue by adding the following senstences: 

 

• page 4-5, lines 83-84: ….. as negative results do not exclude LNB and positive results 

are no indication of active disease 

 

• page 5, lines 87-88: As the immune response against Borrelia expands over time (9-

11), the….. 

 

As we had already stated in the Discussion section (page 24, lines 510-513), we assume that 

a positive correlation might also exist between the number of antigens present in the assay 

and the number of positive results, both among cases and controls. We have now added to the 

Introduction section that negative test results can be obtained if a limited number of antigens 

are used in an antibody assay (page 5, lines 89-90) and elaborate a bit more on this issue in 

the Discussion section by adding the following sentences: 

 

• page 24-25, lines 513-517: Indeed, the sensitivity of the IDEIA, based on a single 

antigen, was the lowest (i.e. 47.1%) and the sensitivity of the Enzygnost ELISA, based 

on a whole cell lysate, was the highest (i.e. 100%). Other studies investigated multiple 

antibody assays based on one (i.e. the IDEIA) or multiple antigens also reported the 

lowest sensitivity for the IDEIA (12-14). 

 

As for the symptom duration, we did not observe significant differences between the three 

groups as was mentioned in the Results section (page 18, lines 375-376). The relatively small 

number of patients in the study precluded a more detailed analysis on this issue. We do, 

however, discuss the negative results among possible LNB patients and believe these results 

support the previous hypothesis stated by others that possible LNB patients with pleocytosis 

could represent early LNB patients for whom the expanding antibody response is below the 

detection limit of the antibody assay (15-17). We also state that this hypothesis is supported 

by the presence of a solitary Borrelia-specific IgM response in two possible LNB patients 

with pleocytosis (page 25, lines 525-526). This hypothesis is further supported by a paper 



from Hansen et al. (18), who reported a sensitivity of the IDEIA of 17% for patients with a 

disease duration ≤7 days, which increased to 100% for patients with a disease duration of 

more than 6 weeks. This has now been added to the Discussion section (page 25, lines 528-

531). As suggested by the reviewer, we have added information regarding the symptom 

duration among definite and possible LNB patients to Table S3 (new column, and footnote 

‘g’). We have also added a footnote (f) to Table 3 to refer to Table S3 for information about 

the duration of symptoms among definite and possible LNB patients. 

 

• Additional remark with regard to lines 519-528 (page 25): these lines have been 

relocated when compared to the first submitted version of this manuscript (page 25, 

lines 502-510), as this text also covers the sensitivity of the antibody assays]). 

 

As for early antibiotic treatment which might abrogate the immune response, we believe this 

did not play a role in our study as antibiotic treatment had started after the lumbar puncture 

(LP) was performed. We have now added this to the Discussion section (page 25, lines 531-

534). As suggested by the reviewer,we have also the following information about antibiotic 

treatment to Table S3 (new column, and footnote ‘h’): 

 

• Antibiotic treatment started after the LP, with a median of 0 days [range 0-18]. In 

total, 15 of the 17 patients that were classified as definite or possible LNB patient had 

been treated for LNB according to the Dutch guidelines for LB (19). Nine definite 

LNB patients were treated with ceftriaxone (2 g/day) intravenously for either 14 (n=6; 

ctrx 14) or 28 (n = 3; ctrx 28) days. One definite LNB patient had started with 

intravenous ceftriaxone (2 g/day), but after 5 days switched to oral doxycycline (100 

mg twice a day) for25 days because of an allergic reaction (ctrx/doxy). Four of the 

possible LNB patients received ceftriaxone (2 g/day) intravenously for either 14 (n=3; 

ctrx 14) or 28 (n = 1; ctrx 28) days. The remaining possible LNB patient received oral 

doxycycline (100 mg twice a day) from the start for 30 days (doxy 30). 

 

• Additional information (not added to the manuscript): Two of the 17 patients, both 

classified as possible LNB patients, had not been treated for LNB in our hospital at 

the time of the LP as they had not been diagnosed with active LNB. These two patients 

neither had pleocytosis nor intrathecally produced Borrelia-specific antibodies 

detected by the IDEIA, which was used for LNB diagnostics in our hospital at that 

time. The first patient had noticed a redness on the skin of the leg after a four-day 

walk six months prior to the LP. At that time, the patient was treated with oral 

doxycycline, which was prolonged to seven weeks due to non-specific symptoms. 

These non-specific symptoms included cognitive complaints, motor weakness and 

sensory disturbance. Six months later, this patient visited the neurology department of 

our hospital, and magnetic resonance imaging showed microvascular white matter 



lesions. Following the inclusion of this patient in the current study, intrathecal 

antibodies were detected by the majority (4/5) of the CSF-serum assays (except the 

IDEIA) and was consequently classified as possible LNB patient. In the absence of 

pleocytosis and a positive CSF-CXCL13 result, an active infection for this patient 

seemed unlikely. However, this patient might have had LNB six months earlier for 

which this patient had been adequately treated at that time, and the intrathecally 

produced Borrelia-specific antibodies were still detectable at the time of the LP. 

White matter lesions and the presence of intrathecal Borrelia-specific antibody 

production has been reported before (20, 21).  

The second patient had a radicular syndrome and a foot drop, and had fallen down 

the stairs 10 days before. Based on the radicular syndrome, an LP was performed, but 

no elevated CSF leucocyte count was found and the IDEIA performed at that time did 

not show intrathecal Borrelia-specific antibody synthesis. As symptoms remained, an 

EMG was performed six weeks later, which showed a compression neuropathy of the 

peroneal nerve on both sides explaining the symptoms. The positive AI results 

obtained by the majority (4/5) of the CSF-serum assays(except the IDEIA) might 

reflect a serological scar from a previous infection or might be false positive. Still, 

LNB can also not be ruled out even though peripheral neuropathy is mainly 

associated with ACA (22, 23).  

 

For both disease duration and antibiotic treatment, we have added to the Materials and 

Methods section that this information was retrieved from the patient information system for 

definite and possible LNB patients (page 13, lines 271-272). 

 

2. L. 326: Details on the selection of the 156 patients have already been published (31). The 

authors refer to reference 31, and one gets the impression that the same panel of patients is 

described. However, a close look at the number of dLNB, pLNB and non-Lyme cases in this 

reference show that these differ between the numbers in this manuscript and the numbers in 

reference 31. The authors should explain these differences. Apparently a few different 

samples have been used. Alternatively, patients could have been reclassified, but this might 

have consequences for the analysis in reference 31.  

 

Comment author:  

We thank the reviewer for pointing out this unclarity. In the published manuscript (17), in 

which two commercial CXCL13 assays were validated for use in LNB diagnostics, the 

classification of the study population was done using the EFNS guidelines (24). Following 

these guidelines, definite LNB patients should have: (i) clinical symptoms suggestive of LNB 

in the absence of another cause, (ii) CSF pleocytosis (≥5 leucocytes/µl), and (iii) intrathecal 

synthesis of Borrelia-specific antibodies. Possible LNB patients should have clinical 

symptoms suggestive of LNB with either pleocytosis or intrathecally produced Borrelia-

specific antibodies. In all other cases, the patient should be classified as a non-LNB patient. 

In the published manuscript (17), the detection of intrathecally produced Borrelia-specific 



IgM and IgG was done using the second generation IDEIA LNB assay (Oxoid, Basingstoke, 

United Kingdom). In the current study, however, a consensus strategy was used to prove 

intrathecal synthesis of Borrelia-specific antibodies to minimalize the bias in the 

classification of patients by only using the IDEIA results. Consequently, three LNB patients 

who were classified as possible LNB patient in the published manuscript (17) (i.e. presence of 

pleocytosis and absence of intrathecal Borrelia-specific antibody synthesis using the 

IDEIA),were classified as definite LNB patient in the current study using the consensus 

strategy (i.e. the majority of the antibody assays tested on CSF-serum pairs showed a 

pathological Borrelia-specific (IgM and/or IgG) AI value [see Table S3, last three rows of the 

definite LNB patients]). Two patients who were classified as non-LNB patient in the 

published manuscript (17) (i.e. absence of pleocytosis and absence of intrathecal Borrelia-

specific antibody synthesis using the IDEIA),were classified as possible LNB patient in the 

current study using the consensus strategy (see Table S3, last two rows of the possible LNB 

patients). We have now added the following text to the Results section: 

• page 17, lines 531-354: The number of possible and definite LNB patients in this 

study slightly differed from our previous study (17) as intrathecal Borrelia-specific 

antibody synthesis was based on either a consensus strategy (this study) or on the 

IDEIA results (previous study). 

We believe that the different classification of these patients does not have an effect on the 

inferences made with regard to the usefulness of CSF-CXCL13 in LNB diagnostics. 

Furthermore, in the discussion of the published manuscript (17), we have elaborated on the 

three possible LNB patients who had pleocytosis and a negative IDEIA result and 

hypothesized that these negative IDEIA results are caused by the lower sensitivity of the 

IDEIA in the early stages of LNB, as has been reported by others (12, 18). We also mention 

that intrathecal Borrelia-specific antibody synthesis was shown using other CSF-serum 

assays and refer to the current manuscript. The hypothesis of an early LNB is further 

strengthened by the IgM and IgG Reibergrams, as these show a disturbed blood-CSF barrier 

and intrathecal total-IgM synthesis in the absence of intrathecal total-IgG synthesis (17). 

3. The authors state that all patients were eligible if a paired blood and serum sample for 

Borrelia testing were received, and in addition (L.119-120) that a prerequisite for patients to 

be included was the availability of at least 1250 μl of CSF and 110 μl of serum. This could 

well have influenced the results, especially with regard to inclusion of children, from whom 

usually less CSF is obtained. The authors do not mention anything about this issue. Table 1 

suggests that there were few, if any, children included. If pediatric LNB was excluded 

beforehand, this could be stated. Otherwise, some epidemiological data regarding LNB cases 

diagnosed in the study period, but excluded for lack of availability of a blood sample or 

insufficient volume of CSF would be helpful whether these patients differed from the 17 

cases included in the study.  

 

Comment author:  



We understand the concern of the reviewer. In this study, no selection criteria were applied 

based on age for the consecutively selected patients. This has now been more clearly stated in 

the Materials and Methods section (page 7, line 119).The six additional LNB patients who 

were included in this study had taken part in two other studies of our research group (25, 26) 

and due to the age criterion (≥18 years) used in these two studies, these six LNB patients 

were adult patients. For the CSF and serum of these additional LNB patients, the same 

inclusion criteria applied as for the CSF and serum of all consecutive patients. This has now 

been more clearly stated in the Materials and Methods section (page 7, line 134-138). 

However, to address the concern of the reviewer, we also investigated the ages among all 

consecutive patients for whom a CSF and blood sample was drawn less than 24 hours apart, 

which involved 423 of the 1098 patients (see Figure 1 of our published manuscript (17)). Of 

these 423 patients, 61 (14.4%) were children. Subsequently, 273 were excluded of whom the 

majority (269/273 [98.5%]) had insufficient sample material (CSF and/or serum). Of the 

remaining 150 patients that were finally included in the study, 2 (1.3%) were children. As this 

is much less than the percentage of children for whom a CSF and blood sample was drawn 

less than 24 hours apart (i.e. 14.4%). We now mention in the Discussion section that the 

prerequisite of at least 1250 μl of CSF and 110 μl of serum is a limitation of this study and 

might have led to a bias towards older patients (page 28-29, lines 603-611),since less sample 

material (CSF and/or blood) is collected from children. 

 

Minor comments:  

 

4. PCR for Borrelia species was done, but details (reference?) could be mentioned.  

 

Comment author: 

We thank the reviewer for pointing out this unclarity. In the Materials and Methods section 

we refer to the in-house Borrelia species PCR and the two CXCL13 assays on CSF. Both 

methods have been described in detail in the published manuscript (17). We have adjusted 

part of the text to better emphasize this (page 13-14; lines 274-276). 

 

5. To obtain a good impression of a quantitative parameter such as age, duration of disease, 

pleocytosis, glucose and total protein, ranges or interquartile ranges provide more insight than 

95% confidence interval. Since the number of patients with LNB is low, interquartile range 

would not add much and ranges should be provided. This might be done in a supplementary 

table if the authors want to keep the 95% Cis in table 3 because of statistics. 

 

Comment author: 

We thank the reviewer for this valuable comment and have added the ranges of age, duration 

of symptoms, pleocytosis (i.e. the CSF leucocyte count/µl), glucose, total protein, and Q 

albumin to Table 3. 



 

6. L 454-459: The sensitivities and NPVs of most RF models were higher than the upper limit of 

the respective 95% CIs obtained using the results of the antibody assays only, except for the 

C6 and the Enzygnost ELISA (Table 5 and Figure 1A/B). In contrast, the specificities and 

PPVs of most RF models were comparable with those of the antibody assays only, except for 

the IDEIA and the Medac ELISA for which the specificities and PPVs obtained using RF 

modelling were below the lower limit of the respective 95% CIs obtained using the results of 

the antibody assays only. I would conclude that the consequence would be that in case of a 

negative result in an antibody assay, other parameters should be taken into account to increase 

sensitivity; in contrast, if an antibody assay is positive, other parameters should not be taken 

that much into account (at least not as done in the RF model), since this might decrease 

specificity and PPV. Is this correct? If so, could this be stated?  

 

Comment author:  

We appreciate the reviewer’s feedback and we understand the remark. Indeed, it is 

interesting to hypothesize on this issue. In general, RF modeling is not hindered from 

including parameters that do not contribute to the prediction. As a positive antibody assay 

result is no proof of an active infection, other parameters are needed to discriminate a 

serological scar from active disease. Various CSF parameters can be helpful such as elevated 

CSF cell counts, a disturbed blood-CSF barrier and/or elevated CSF-CXCL13 levels and 

should also be considered when LNB is suspected. It would be interesting to see if alternative 

modeling and/or additional parameters could contribute to the diagnosis of active LNB, 

especially among cases that have Borrelia-specific antibodies detected intrathecally. We hope 

to engage on a prospective multicenter effort to address these issues. 

 

7. A request for a Lyme test on CSF does not tell that the patient really had clinical symptoms 

suggestive of LNB as defined by ENFS. Apparently, this was not checked by the authors, and 

for convenience reasons it was supposed that if a clinician had made a request for a Lyme test 

on CSF, these symptoms existed. I would consider this acceptable, but in the various passages 

where this is addressed (methods, table 3 note c, supplementary figure 1) the text should 

rather be "Clinical symptoms suggestive of LNB were supposed to be present when a 

request....."  

 

Comment author: 

We thank the reviewer for pointing this out. We have adjusted the text where appropriate 

(Methods section [page 8, line 151-153], Table 2 [footnote ‘c’], supplemental figure S1 

[footnote ‘a’], and supplemental table S3 [footnote ‘b’]). 

 

8. L.534-536: The EFNS recommends to use an AI calculation to proof (prove?) intrathecal 

synthesis of Borrelia-specific antibodies (3) and this is confirmed in our study. I would omit 

that conclusion, since no analysis was performed on assays on CSF only -except C6 and blot, 

for which the conclusion does not hold for C6 (see below).  

 



Comment author:  

We appreciate the reviewer’s feedback. Prompted by this feedback, we adjusted part of the 

text to better reflect our conclusion and now state that a Reiber-based CSF-serum assay is 

recommended using RF modeling (page 28, line 585). See also our response to comment #9 

of this reviewer. 

9. L.537-539: The NPVs of the antibody assays only and those of the RF models showed that a 

Reiber-based CSF-serum assay is preferred as the respective NPVs were highest. This is not 

correct, the NPV of the C6-assay is 99.3% (figure 1) and therefore higher than most of the 

Reiber-based assays.  

 

Comment author: 

We thank the reviewer for pointing out this unclarity. The highest NPVs were found using RF 

modeling and a Reiber-based CSF-serum assay. We changed the text accordingly (page 28, 

line 585). See also our response to comment #8 of this reviewer. 

10. Abstract l 37-38: RF modelling demonstrated that most of the sensitivities of the antibody 

assays could be improved by include ng other parameters. The 4 authors probably mean 

"sensitivity of most antibody assays...."  

 

Comment author:  

We thank the reviewer for bringing this to our attention. The text has been revised as 

suggested (page 2; lines 37-38). 

11. From l.242-249 it can be concluded that "two tier-serology" means C6 EIA in serum followed 

by immunoblot. However, in table 3 and especially in table 6 -where CSF-serum pairs are 

tested with other ELISAs- a footnote could be added to clarify this. In clinical practice, if an 

ELISA would be used to determine whether intrathecal antibodies are present, the same assay 

would probably be used to screen serum for anti-Borrelia antibodies, but an analysis in which 

the different ELISAs were considered as screening assays was not done in this study. 

 

Comment author:  

Thank you for this suggestion. The footnote in Table 3 (footnote ‘h’) has been revised as 

suggested and a footnote (e) has been added to Table 6 as suggested. 
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