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Please always check that you have the latest version of the in-
structions (www.mikrogen.de or +49 89 54801-0). 
 

1 Field of Application 
If neuroborreliosis is clinically suspected, detection of intrathecally 
formed antibodies should be performed. CSF/serum pairs can be 
analysed in recomWell Borrelia for this purpose. What is important is 
that associated CSF/serum pairs are tested in parallel in a single test 
run. In accordance with conventional two-stage serum diagnostics, the 
findings of the screening can be verified with the recomLine Borrelia 
(confirmatory test). To make the calculations for the CSF diagnostics 
(according to Reiber) easier, analysis software specifically developed 
by MIKROGEN for this purpose (Excel) can be requested. 
 

2 recomWell Borrelia IgG, IgM 
2.1 Sampling and Preparation 
2.1.1 Sample material (serum and CSF) 
Serum (EDTA, citrate, heparin, CPD) and CSF from the patient must 
be collected on the same day, optimally at the same time or with only a 
minimal delay. Use of heat-inactivated, icteric, haemolytic, lipaemic or 
cloudy samples is not recommended. Haemolytic CSF in particular can 
lead to erroneous results. 
Caution! 
If the measurements are not taken immediately, the sample mate-
rial can be stored for up to 2 weeks at +2°C – +8°C. It is possible 
to store the samples for longer periods at -20°C or below. Repeat-
ed freezing and thawing of the samples is not recommended due 
to the risk of erroneous results. More than 3 freezing and thawing 
cycles should be avoided. 
 
2.1.2 Preparation of solutions 
The detection reagents are sufficient for 96 IgG or IgM determinations. 
The quantities specified below apply to the processing of one 8-well 
strip. If using several microtitre plate strips at the same time, the speci-
fied quantities must in each case be multiplied by the number of micro-
titre plate strips used. Device-specific dead volume must be taken into 
account. Dilution buffer, substrate and stop solution are ready to use. 
 
2.1.2.1 Preparation of the ready-to-use wash buffer 
The wash buffer concentrate is diluted 1 + 9 with deionised H2O. For 
each 8-well microtitre plate strip, 5 mL concentrate are mixed with 
45 mL deionised H2O. The ready-to-use wash buffer can be stored for 
four weeks at +2ºC - +8ºC or for one week at room temperature. 
 
2.1.2.2 Preparation of the conjugate solution 
For each 8-well microtitre plate strip, 1 mL dilution buffer is added to 
10 µL anti-human IgG peroxidase conjugate (red cap) or IgM peroxi-
dase conjugate (green cap) in a clean tube and then mixed well (dilu-
tion 1 + 100). The conjugate solution must be prepared immediately 
prior to use; the ready-to-use conjugate solution must not be stored. 
 
2.2 Test Procedure 
2.2.1 Screening of CSF/serum pairs in recomWell Borrelia 
To prevent test-to-test variations, the serum and CSF must always be 
measured in parallel in a single test run. To increase the diagnostic 
reliability, we recommend preparing duplicates of the patient sera and 
patient CSF. 
 
There are two methods available in principle for carrying out the test. 
Both procedures take into account the fact that dilution curves are not 
completely linear across the entire range of measurement. 
 
For method A (standard dilutions with no reference curve) only close 
measurement pairs (CSF/serum) are used for the calculation or the 
linearity of the range of measurement is assured by comparing the 
antibody index values that have been calculated from several pairs. 
For method B (standard dilution with calibration curve), the antibody 
index (AI) is determined using a calibration curve.  
Because for method B any differences between the calibration material 
and the patient sample may influence the result, method A is preferred 
for the antibody index calculation. If there is only a limited amount of 
sample material available, we also recommend carrying through the 

calibration curve so that the evaluation can also be done using method 
B if required. 
To simplify the calculation of the antibody index (AI) as defined by 
Reiber, it is recommended to use the Mikrogen analysis software (see 
Chapter 3). 
 
Method A 
(standard dilutions with no reference curve) 
For the preparation of standard dilutions, see 2.2.2.1 Table 1. 
To ensure that you are working in the linear range of the dilution curve, 
the following conditions apply to the antibody index calculation: 
1. CSF/serum pairs that have absorbance values that are no further 
apart than 0.3 OD are mainly used. 
2. If the CSF and serum absorbance values are more than 0.3 OD 
apart, the antibody index (AI) can be calculated if measurements from 
different serum dilutions are available (this is why it is useful to prepare 
a 1:505 dilution in addition to the 1:101 for the first batch): 
If one serum measurement is less than the CSF measurement and 
one is greater than the CSF measurement, the antibody index (AI) 
must be calculated with both combinations of measurements to begin 
with. If the two antibody index calculations deviate from one another by 
less than 30%, the antibody index value that was calculated from the 
closer value pairs is valid. Proceed in the same way if there are meas-
urements from different CSF dilutions and one serum dilution. 
The principle is that if there are several valid combinations of meas-
urements available, those measurements that are closest together 
must always be used for the antibody index calculation. 
If it is not possible to calculate a valid antibody index value using the 
procedures indicated, the CSF/serum pair must be tested again in a 
combined run in additional dilutions. To assist with the calculation of 
suitable dilutions, the analysis software (Chapter 3) can be used (func-
tion ‘Calculation of well dilution’). 
 
Method B 
(test procedure using a calibration curve): 
CSF/serum pairs are diluted as described for method A (2.2.2.1 Table 
1). The positive control included in the test is diluted in accordance 
with the information in Table 2 (2.2.2.2). The calibrators 1–4 obtained 
in this way are measured in a combined test run with the standard 
dilutions. A calibration curve is prepared by plotting the OD values for 
the calibrators against the corresponding dilutions or entering the 
measurements into the fields in the software. From this curve can be 
read which measurement of the serum or CSF corresponds to which 
dilution of the reference sample. 
 
If the OD measurements for a CSF or serum sample are less than the 
reference sample K4 but they are still above the threshold (see 
2.2.4.2) and if both are separated by no more than 0.3 OD, the OD 
values for the two samples can be used directly to calculate the Qspec 
or antibody index (AI) (as for method A). 
If the OD measurements for a CSF or serum sample are greater than 
the reference sample K1, the CSF/serum pair must be tested in further 
dilutions in a combined run (see 2.2.2.3). 
 
2.2.2 Dilutions of sample and calibrators 
Pre-dilutions should be carried out in polypropylene tubes! 
 
2.2.2.1 Standard dilutions of CSF and serum samples 
 
Table 1 

IgG 
and 
IgM 

Serum 1:101 
Control 1:101  

Pipette 10 µL of either serum or control into 1 mL 
dilution buffer and mix well (1+100).  

Serum 1:505 
Pipette 200 µL of the 1:101 into 800 µL dilution buffer 
and mix well. 

IgG CSF 1:4 
Place 75 µL of the dilution buffer into the well and 
pipette into this 25 µL of the CSF, then mix thoroughly 
by pipetting up and down. 

IgM CSF 1:2 
Place 50 µL of the dilution buffer into the well and 
pipette into this 50 µL of the CSF, then mix thoroughly 
by pipetting up and down. 
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2.2.2.2 Dilution of the positive control for preparing the calibrators 
(IgG/IgM) for the calibration curve 

Table 2 
Reference 
sample 
(dilution of the 
positive control) 

Dilution step 

K1 (1:101) 
Pipette 10 µL of the positive control into 1 mL dilution buffer 
and mix well 

K2 (1:202) 
Pipette 500 µL of reference sample 1 (K1) into 500 µL 
dilution buffer and mix well 

K3 (1:404) 
Pipette 500 µL of reference sample 2 (K2) into 500 µL 
dilution buffer and mix well 

K4 (1:808) 
Pipette 500 µL of reference sample 3 (K3) into 500 µL 
dilution buffer and mix well 

 
2.2.2.3 Post-dilution of the samples 

If the first dilutions do not enable calculation of the antibody index (AI), 
the following additional dilutions are recommended: 
 
Serum: Standard 
dilution 1:101 
(absorbance) 

Recommendati-
on for additional 
dilutions 

Serum: Dilution 
1:500 (absorbance) 

Recommendati-
on for additional 
dilutions: 

 2.000 No additional 
dilutions 

 2.000 No additional 
dilutions 

> 2.000–3.000 1:500 > 2.000–3.000 1:1000, 1:2000, 
1:4000 

> 3.000 1:1000, 1:2000, 
1:4000 

> 3.000 1:8000, 1:16000 

 
CSF IgG: Standard 
dilution 1:4 (absor-
bance) 

Recommendati-
on for additional 
dilutions 

CSF IgM: Standard 
dilution 1:2 (absor-
bance) 

Recommendati-
on for additional 
dilutions 

 2.000 No additional 
dilutions 

 2.000 No additional 
dilutions 

> 2.000–3.000 1:10 
1:20 

> 2.000–3.000 1:5 

> 3.000 1:40, 1:200, 
1:1000 

> 3.000 1:10, 1:20, 1:40 

 
Alternatively, the dilution calculator in the software (Chapter 3) can be 
used. By pressing the ‘Calculation of well dilutions’ button, you will 
reach the calculation spreadsheet to determine suitable dilutions. 
 
2.2.3 Test procedure 

No. Implementation Note 

1  Before starting the test, allow all 
reagents sit at +18°C – +25°C 
(room temperature) for at least 30 
minutes. 

To avoid condensation forming in the 
microtitre plate, it must be equilibrated 
to room temperature in a sealed bag. 
Remove the required number of 
strips, reseal the plate in the bag, and 
store it in the fridge. 
Before use, the control sera and 
patient samples as well as the con-
centrated conjugates must be mixed 
well. 

2  Preparation of the samples and 
controls 
See 2.2.2 

The samples and controls must 
always be diluted immediately prior 
to carrying out the test. 
Run all controls with each assay. 

3  Sample incubation 
Pipette 100 µL of either diluted 
sample (serum and CSF) or 
diluted control into each well and 
incubate for 1 hour at +37°C. 

At least one value must be prepared 
for the negative control, positive 
control and the patient samples. The 
cut-off control must be prepared in 
duplicate. There is preferably one cut-
off control each at the start and at the 
end of the series. For manual pro-
cessing, carefully cover the microtitre 
plate with fresh sealing film. Use the 
+37°C incubator. 

4  Wash It is recommended to carry out this 
step with an appropriate ELISA 
washer.  

a)  Carefully remove the sealing film.  
b)  Empty the wells completely (im-

portant!)  
Aspirate or shake out and tap.  

c)  Fill each well with 300 µL ready-

to-use wash buffer →  
(4b) 

Carry out the wash steps a total of 
four times. 
 

5  Incubation with conjugate 
Add 100 µL conjugate solution 
(2.1.2.2) and incubate for 30 
minutes at +37°C. 

For manual processing, carefully 
cover the microtitre plate with fresh 
sealing film. 

6  Wash (see 4b and 4c). Carry out the wash steps a total of 
four times. 

 
 

7  Substrate reaction 
Pipette 100 µL ready-to-use 
substrate solution into each well 
and incubate for 30 minutes at 
room temperature.  

It is not necessary to cover the plate. 
Protect from direct sunlight. 
The time is calculated from the time 
substrate solution is pipetted into the 
first well. 

8  Stopping the reaction 
Add 100 µL ready-to-use stop 
solution per well. 

Do not remove the substrate solution 
before adding the stop solution! 
Follow same pipetting scheme as for 
pipetting the substrate solution. 

9  Absorbance measurement 
Using a microtitre plate photome-
ter, measure the absorbance of 
the individual wells at 450 nm and 
the reference wavelength of 
650 nm (620 to 650 nm allowed).  

Measure absorbance against an air 
blank. The reading must be complet-
ed within 60 minutes of stopping the 
reaction. 

Caution! 
Incubated liquids must not be carried over to other wells. Avoid splashing 
when removing and attaching the sealing film. 

 
2.2.4 Test analysis 
The mean of the absorbance values for the two cut-off controls (plotted 
at the start of the series and at the end of the series) is defined as the 
cut-off (threshold).  
 
2.2.4.1 Validation – Quality control 
The test can be evaluated if the following conditions are met: 

• The individual absorbance values for the duplicate measurement of 
the cut-off control do not deviate from their mean by more than 20%. 

• Absorbance of the negative control ≤ 0.150 

• Absorbance of the cut-off control – absorbance of the negative 
control ≥ 0.050 
(ECutoff – Eneg. Contr. ≥ 0.050) 

• Absorbance of the positive control – absorbance of the cut-off con-
trol ≥ 0.300 
(Epos. Contr. – ECutoff ≥ 0.300) 

• Only when using a calibration curve: 
Absorbance K1 > absorbance K2 > absorbance K3 > absorbance 
K4 

• It is not recommended to use measurements > 3.000 (absorbance) 
for calculating the antibody index (AI). 

 
2.2.4.2 Calculating the antibody index (AI) 
The following thresholds are defined as the basis of the antibody index 
calculation: 
Threshold for serum IgG and IgM: Absorbance of the cut-off control 

Threshold for CSF IgG and IgM: 0.5 × absorbance of the cut-off control  

 
The antibody index (AI) is always calculated if the measured value for 
the CSF is more than 0.5 times more than that of the cut-off control: 
 
Result for the recomWell Borrelia IgG, 
IgM 

Subsequent procedure 

AbsorbanceSerum 1:101 
< threshold for serum 
and 
absorbanceCSF 1:4 (1:2) 
< threshold for CSF 

B.b-specific antibodies not detected 
in the serum 
B.b-specific antibodies not detected 
in the CSF 
Antibody index not determined  

AbsorbanceSerum 1:101 

 threshold for serum 

and 
absorbanceCSF 1:4 (1:2) 
< threshold for CSF 

B.b.-specific antibodies detected 
B.b-specific antibodies not detected 
in the CSF 
Antibody index not determined  

AbsorbanceSerum 1:101 
< threshold for serum 
and 
absorbanceCSF 1:4 (1:2) 

 threshold for CSF 

B.b-specific antibodies not detected 
in the serum 
B.b-specific antibodies detected in 
the CSF 
Determination of the antibody 
index (IgG or IgM) 

AbsorbanceSerum 1:101 

 threshold for serum 

and 
absorbanceCSF 1:4 (1:2) 

 threshold for CSF 

B.b-specific antibodies detected in 
the serum 
B.b-specific antibodies detected in 
the CSF 
Antibody index (IgG or IgM) 
determined 

 
If there are suitable OD values for the CSF and serum available, the 
intrathecal antibody index (AI) can be determined using the analysis 
software (see Chapter 3). If you want to manually calculate the anti-
body index (AI), you can request a calculation template from Mikrogen. 
If the value for a serum < 0.100 and that of the associated CSF result 
is greater than the threshold, an absorbance for the serum of 0.100 is 
assumed for the antibody index calculation. 
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2.2.5 Interpretation of the antibody index values 

Antibody index IgG and IgM Interpretation 

0.6  AI  1.3 Normal 

1.3 < AI < 1.5 Borderline 

 1.5 Pathological 

 

Antibody index values between 0.6  AI  1.3 are in the normal range. 
Intrathecal synthesis of Borrelia antibodies is unlikely. The Borrelia 
antibodies detected in the CSF originate in the serum and passively 
enter the CSF space across the blood-CSF barrier. 
Antibody index values < 0.6 usually indicate an analytical error (e.g. 
clinical chemistry). It is recommended to check whether serum and 
CSF were collected on the same day or if a mix-up of samples can be 
ruled out. If necessary, repeat determination of the clinical chemistry 
and/or the Borrelia-specific antibodies may be useful. Low antibody 
indices may also be induced by antibody or albumin infusions even if 
an analytical error is not present. 
Antibody index values between 1.3 and 1.5 are borderline. It is rec-
ommended to test the CSF/serum pair again or, for a relevant clinical 
issue, to examine a new CSF/serum pair as the disease progresses. 

Antibody index values  1.5 are classified as pathological. They indi-
cate intrathecal synthesis of Borrelia antibodies as is found in patients 
with neuroborreliosis. 
We recommend examining pathological or borderline results in a 
confirmatory test (see CSF/serum analytics recomLine Borrelia 
IgG, IgM). 
 
2.3 Limitations and Restrictions of the Method 

• Serological test results must always be viewed in the context of the 
clinical picture. Therapeutic consequences of the serological find-
ing must be connected with the clinical data. 

• A normal antibody index (AI) does not rule out CSF infection with 
Borrelia burgdorferi. Especially in the early stage of infection, anti-
bodies may not yet be present or may be present in undetectable 
amounts. Antibiotic treatment in the early stage can prevent for-
mation of detectable antibodies. If neuroborreliosis is clinically 
suspected and the serum results are negative or unclear, collec-
tion of new samples and testing should be carried out again after 
three weeks. 

• A pathological antibody index (AI) in the IgG and/or IgM does not 
mean that active neuroborreliosis is present in every case. As in-
trathecal antibodies persist for longer periods, antibodies due to a 
previous infection may have been detected. For this reason, the 
cell count in the CSF and the albumin ratio should also be consid-
ered when making a diagnosis. 

• Intrathecal synthesis of IgM antibodies does not provide an indica-
tion of a recent infection. 

• Selective use of recombinant Borrelia burgdorferi antigens rules 
out a cross-reaction as far as possible with antibodies that are in-
duced by an infection with the pathogens that causes syphilis 
(Treponema pallidum), relapsing fever (Borrelia recurrentis, Borre-
lia duttonii, Borrelia hermsii) or leptospirosis (Leptospira spp). With 
an active syphilis infection or a syphilis serological scar, isolated 
antibody activity against the p41 antigen has been found. 
With a positive serological finding, a syphilis infection must be 
ruled out in all cases using differential diagnostics. 

• Polyclonal stimulation of B-lymphocytes can occur in the case of 
infectious mononucleosis (glandular fever, EBV infection). This can 
lead to non-specific reactions when detecting IgM class antibodies. 
It is recommended to rule out a recent EBV infection using 
differential diagnostics if the medical history is unclear and there is 
a weak IgM response. 

 
2.4 Performance Characteristics  
2.4.1 Antigens and evaluation sera 
recomWell Borrelia and recomLine Borrelia were evaluated predominantly 
using sera and CSF from southern and western Germany. The sera were 
collected from patients with typical clinical symptoms at different stages of 
a Borrelia infection (erythema migrans, neuroborreliosis, Lyme arthritis and 
acrodermatitis chronica atrophicans). 
The following antigens were used to prepare the tests: 
recomWell IgG: OspC (B. garinii and B. b. sensu stricto), p100 (B. afzelii), 
p18 (B. afzelii), VlsE (various strains). 
recomWell IgM: OspC (B. garinii and B. afzelii), p41 (B. bavariensis), VlsE 
(various strains). 
recomLine Borrelia IgG, IgM: p100 (B. afzelii), VlsE (various strains), p58 
(B. garinii), p41 (B. b. sensu stricto), p39 (B. afzelii), OspA (B. afzelii), 
OspC (B. b. sensu stricto, B. afzelii, B. garinii, B. spielmanii), p18 (B. b. 
sensu stricto, B. afzelii, B. garinii, B. spielmanii, B. bavariensis). 

2.4.2 Evaluation 
146 CSF/serum pairs were examined with recomWell Borrelia. Patho-
logical and borderline antibody index values were retested with  
recomLine Borrelia. The samples were placed into groups as shown in 
Table 3 (clinically defined) and Table  4 (not defined). 
 
Table 3: Clinically defined CSF/serum pairs, n = 57 

n 
Known clinical 

data 

Anti-B.b. 
antibodies 

in the 
serum 

IgG AI 
pathol./ 
borderli-

ne 

IgM AI 
pathol./ 
borderli-

ne 

IgG: 
confirmed 

using 
recomLine* 

IgM: 
confirmed 

using 
recomLine* 

31 
Neuroborreli-

osis 
Yes 

31 
(100%) 

18 
(86%) 

29/31 
(94%) 

18/18 
(100%) 

Cell count > 5/µL and impairment of the blood-CSF barrier (at least in one or, if 
applicable, several blood samples from a patient) and intrathecal Ig synthesis (in 
at least one or, if applicable, several blood samples from a patient), specific anti-
Borrelia burgdorferi antibodies in the serum. 

7 Negative No 0 0 - - 

Cell count < 5/µL, intact blood-CSF barrier, no intrathecal Ig synthesis, no anti-
Borrelia burgdorferi antibodies in the serum. 

19 
Multiple 
sclerosis 

2 yes 
17 no 

0 0 - - 

*Confirmation by darker or additional bands in the CSF compared to 
the serum. The AI-pathological or AI-borderline CSF/serum pairs were 
tested. 
 

Table 4: Not defined CSF/serum pairs, testing for neuroborreliosis, n = 
70 

 
 

Known clinical 
data 

Anti-B.b. 
antibodies 

in the 
serum 

IgG AI 
pathol./ 
borderli-

ne 

IgM AI 
pathol./ 
borderli-

ne 

IgG: 
confirmed 

using 
recomLine* 

IgM: 
confirmed 

using 
recomLine* 

17 Possible NB Yes 4 4 4 4 

Cell count > 5/µL and impairment of the blood-CSF barrier (at least in one or, if 
applicable, several blood samples from a patient) or intrathecal Ig synthesis (in 
at least one or, if applicable, several blood samples from a patient), specific anti-
Borrelia burgdorferi antibodies in the serum. 

16 

Other suspect-
ed inflammato-

ry CNS pro-
cess 

Yes 1 0 1 - 

Cell count > 5/µL or impairment of the blood-CSF barrier (at least in one or, if 
applicable, several blood samples from a patient) and/or intrathecal Ig synthesis 
(in at least one or, if applicable, several blood samples from a patient), specific 
anti-Borrelia burgdorferi antibodies in the serum. 

22 

Other suspect-
ed inflammato-

ry CNS pro-
cess 

No 1 1 1 1 

Cell count > 5/µL or impairment of the blood-CSF barrier (at least in one or, if 
applicable, several blood samples from a patient) and/or intrathecal Ig synthesis 
(in at least one or, if applicable, several blood samples from a patient), no 
specific anti-Borrelia burgdorferi antibodies in the serum. 

15 Negative Yes 1 1 0 0 

Cell count < 5/µL, intact blood-CSF barrier, no intrathecal Ig synthesis, specific 
anti-Borrelia burgdorferi antibodies in the serum. 
 

*Confirmation by darker or additional bands in the CSF compared to 
the serum. The AI-pathological or AI-borderline CSF/serum pairs were 
tested. 
 
In 19 cases there were antibody index values < 0.6 in the IgG and/or 
IgM. These cases were excluded from the evaluation because analyti-
cal errors (e.g. clinical chemistry) could not be ruled out. 
 

3 Analysis Software – Screening with recomWell 
The Excel calculation spreadsheet developed by Mikrogen is used to 
calculate the intrathecal antibody index (AI) for CSF/serum pairs using 
an ELISA assay. The Excel calculation spreadsheet can also deter-
mine sample dilutions that are suitable for calculating the antibody 
index value and for a uniform IgG content in a subsequent confirmato-
ry test. 
 
3.1 Required Equipment 
Computer with Excel software 
 
3.2 Warnings and Safety Precautions 
 Only use for in vitro diagnostics. 
 Please check that you have the current version. You can request 

or download (www.mikrogen.de → Downloads) the current version 
from Mikrogen (+49 89 54801-0). 
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 Read through and carefully follow the entire instructions for use 
before executing the program. Deviating from the directions in the 
instructions for use can lead to erroneous results. 

 
3.3 Implementation 
When the analysis software is opened, the following window appears: 
 

 
 
At the start please enter in the fields provided the batch of the test kit 
used, date, user and the patient data including the data for the clinical 
chemistry. For the clinical chemistry values, the corresponding units 
must be selected (g/L; mg/L; g/dL; mg/dL). 
 
If you do not want to use the dilutions recommended in Chapter 2.2.2, 
the calculation spreadsheet can be used before starting the analysis to 
make an initial estimate of suitable dilutions based on the clinical 
chemistry data (albumin and IgG content). In this case, press the 
corresponding button ‘recomWell Borrelia calculation of well dilution’ in 
the top right and enter the clinical data. 
Please ensure that all unused fields contain the value 0. Press the 
button ‘Reset all values’, if applicable, to do this. 
 
Regardless of the dilutions that were used for measuring the CSF and 
serum samples, the calculation spreadsheet can be used as follows to 
calculate the antibody index: 
In the field ‘Specific antibodies’, first select the analysis version from 
the drop-down list (‘Calibration method’ button). The entry fields asso-
ciated with the version you selected are activated. 
For the serum dilution 1:101 is pre-set and for the CSF dilution IgG 1:4 
or IgM 1:2 is pre-set. The absorbance for the cut-off control is also 
used by the program for the CSF calculation because the CSF and the 
serum must be assessed in the same run. 
If the value for the serum is < 0.100 with a positive CSF, an absorb-
ance of 0.100 is assumed for the antibody index (AI) calculation. 
Depending on the method, those fields that are not required for the 
calculation are greyed out and do not need to be filled in. 
 
Method A 
(calculation with no reference curve): 
Enter the measured OD values (one to two CSF measurements and 
one serum measurement or one CSF and one to two serum measure-
ments), the dilution factors and the value for the cut-off control. 
In the field ‘Max. error tolerance (%)’ the value 30 is pre-set. This value 
must not be changed to ensure proper use. 

Method B 
(calculation using a calibration curve): 
The measured OD values for the samples, the dilution factors and the 
value measured for the cut-off control can be entered. For the ‘calibra-
tor values’, enter the measurements (OD) for the dilution series for the 
positive control (see Chapter 2.2.2.2) 
 
The calculated result from method A or B is shown in the ‘Results’ 
field. 
 
If the validity criteria for the test as defined by Chapter 2.2.4.1 are not 
satisfied, a warning is issued (red bar). Follow the recommendations. 
Example: CSF and serum value differ by more than 0.3 OD. Please 
adjust the dilutions! 
 

 
 
 
3.4 Dilution Calculator – recomWell Borrelia Calculation of 

Well Dilution 
If the first dilutions do not enable the antibody index (AI) to be calculat-
ed, the dilution calculator can be used to determined appropriate 
dilutions. Press the button ‘recomWell Borrelia calculation of well 
dilution’ and enter the OD values determined up to this point for the 
serum and the CSF into the corresponding fields. 
 

 
 
If there are measurements available for only one dilution from either 
sample, enter the measurement for both dilution 1 and for dilution 2. 
As far as possible, avoid OD values > 3 for the dilution calculation. If, 
however, there are no other values available, they can be entered to 
estimate the dilution (the entry field will automatically be marked red in 
this case). 
 
Repeat the analysis with the newly calculated dilutions. 
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4 recomLine Borrelia IgG, IgM 
4.1 Sampling and Reagent Preparation 
4.1.1 Sample material (CSF and serum) 
CSF and serum (EDTA, citrate, heparin, CPD) from the patient must 
be collected on the same day, optimally at the same time or with only a 
minimal delay. Use of heat-inactivated, icteric, haemolytic, lipaemic or 
cloudy samples is not recommended. Haemolytic CSF in particular can 
lead to incorrect values. 
Caution! 
If the measurements are not taken immediately, the sample mate-
rial can be stored for up to 2 weeks at +2°C – +8°C. It is possible 
to store the samples for longer periods at -20°C or below. Repeat-
ed freezing and thawing of the samples is not recommended due 
to the risk of erroneous results. More than 3 freezing and thawing 
cycles should be avoided. 
 
4.1.2 Preparation of solutions 
4.1.2.1 Dilution buffer 
The dilution buffer for the CSF and serum dilution is ready to use. 
 
4.1.2.2 Preparation of the ready-to-use wash buffer A 
This buffer is required for the conjugate dilution and the wash steps. 
Before the dilution, the volume of wash buffer A must be determined 
for the corresponding number of tests to be carried out. 
The low-fat milk powder is first dissolved in wash buffer A concentrate 
and then made up to the final volume with deionised water (dilution 1 + 
9). The required quantity for a defined number of test strips is calculat-
ed using the following formulae (device-specific dead volumes are not 
taken into account): 

Reagent Formula 
Example: 
5 strips 

Low-fat milk powder [g] = strip number × 0.1 0.5 g 

Wash buffer A concentrate [mL] = strip number × 2 10 mL 

Deionised water [mL] = strip number × 18 90 mL 

Ready-to-use wash buffer A [mL] = strip number × 20 100 mL 

 
Ready-to-use wash buffer A can be stored at +2°C – +8°C for four 
weeks. The ready-to-use wash buffer A has no odour and is slightly 
turbid. 
 
4.1.2.3 Preparation of conjugate solutions 
The conjugate solution must be prepared immediately prior to use; the 
ready-to-use conjugate solution must not be stored. 
One part of the conjugate concentrate is diluted with 100 parts of the 
ready-to-use wash buffer A (1 + 100). 
The required quantity for a defined number of test strips is calculated 
using the following formulae: 

Reagent Formula 
Example: 
5 strips 

Conjugate concentration [µL] = strip number × 20 100 µL 

Ready-to-use wash buffer A [mL] = strip number × 2 10 mL 

 
The conjugate quantities are calculated without dead volumes. De-
pending on the processing (manually or with a device), please prepare 
additional conjugate solution for 1 to 3 strips. 
 
4.2 Testing of CSF/Serum Pairs with the recomLine Borrelia 
4.2.1 Sample dilution 
If a pathological or borderline antibody index (AI) was determined for 
CSF and serum in the screening ELISA, the dilutions for the subse-
quent confirmation in the recomLine Borrelia are calculated using the 
analysis program. Using these dilutions, the immunoglobulin content in 
the serum and CSF is adjusted to be the same to enable intrathecal 
antibody synthesis to be differentiated from antibodies that have pas-
sively moved from the serum into the CSF. Intrathecal synthesis can 
also be directly determined using the recomLine Borrelia. 
 
 
 
 
 
 
 

4.2.2 Test procedure 

No. Implementation Note 

1  Before starting the test, allow all 
reagents sit at 18°C – 25°C (room 
temperature) for at least 30 
minutes. 

The test is carried out at room tem-
perature. 

2  Sample preparation  
Prepare dilution buffer for serum 
and CSF depending on the dilu-
tion calculation (see analysis 
program).  
Add the calculated serum and 
CSF volumes (final volumes of 
serum 2 mL; CSF 1 mL) 

CSF is used as concentrated as 
possible. (IgG 1:2 – 1:20, IgM 1:2 – 
1:10). The serum dilution is deter-
mined by the volume of CSF used 
and the initial clinical chemistry 
results. Pipette the sample into the 
dilution buffer and mix as quickly as 
possible by gently shaking the incuba-
tion bath. 
If serum volumes < 10 µL are pipet-
ted, a 1:10 or 1:100 pre-dilution is 
recommended  

3  Incubation 
Insert test strips 

Do not handle the strips with bare 
hands – use plastic forceps. The strip 
number faces upwards. 
The strips must be completed sub-
mersed. 

 Incubate overnight with gentle 
shaking. 

Cover the incubation tray. 

4  Wash Carry out wash steps 4a–4c a total of 
three times.  

a)  Carefully remove the cover from 
the incubation trays. 

Avoid cross-contamination. 

b)  Carefully aspirate the sample 
dilution from the individual wells. 

With automated processing, follow the 
directions of the device manufacturer 
for this step. 

c)  Pipette 2 mL ready-to-use wash 
buffer A into each well, wash for 
5 minutes with gentle shaking and 
then aspirate off the wash buffer 
A. 

 

5  Incubation with conjugate 
Add 2 mL ready-to-use conjugate 
solution and incubate for 45 to 
60* minutes with gentle shaking. 

Cover the incubation tray with the 
plastic lid and place on the shaker. 

6  Wash 
See point 4 

Carry out wash steps 4a–4c a total of 
three times. 

7  Substrate reaction 
Add 1.5 mL substrate solution 
and incubate for 8 minutes with 
gentle shaking. 

 

8  Stopping the reaction 
Remove the substrate solution 
Wash at least three times briefly 
with deionised water. 

 

9  Drying the strips 
Dry the strips before the evalua-
tion for 2 hours between 2 layers 
of absorbent paper. 

Carefully remove the strips from the 
water with a pair of plastic forceps. 
Store the strips protected from light. 

Caution! 
Incubation solutions must not be carried over to other wells. Avoid splash-
ing particularly when opening and closing the cover. 

* Both conjugate incubation times were evaluated by Mikrogen (see 
Chapter 4.5.3) and either can be used in accordance with the require-
ments of the laboratory. 
 
4.3 Results 
4.3.1 Validation – Quality control 
The test can only be evaluated when the following criteria are satisfied: 
1. Reaction control band (upper line) is clearly stained, dark band. 
2. Antibody class (second and third bands): the IgG or IgM conjugate 

control band must be clearly stained. 
3. Cut-off control (fourth band): no meaning. 
 
4.3.2 Evaluation 
The test strips can only be visually evaluated. 

• Note the date and batch number along with the antibody class that 
was detected in the attached evaluation form. 

• Enter the sample identification numbers in the evaluation form. 

• Now adhere the associated test strip with a glue stick into the 
corresponding field in the evaluation form. Align the test strip with 
the reaction control band at the indicated marker line. Then adhere 
the test strip to the left of the marking line using transparent adhe-
sive tape (do not stick over the reaction control band!). Adhering 
the entire test strip with glue stick or adhesive tape can lead to 
changes in the staining. 

• Now identify the bands for the developed test strips using the 
printed control strip from the evaluation form and enter these into 
the evaluation form. 
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• Visible bands (independent of the cut-off) in the diluted serum 
are identified with +. If the band for the corresponding CSF strip 
has a greater intensity than the serum band, a ++ is noted. Additi-
onal bands in the CSF are marked with +. 

 
4.3.3 Interpretation of the test results 

Evaluation of the bands Interpretation 

No bands present in the 
CSF. 

No Borrelia-specific antibodies detected in the CSF 
space. 

Bands present in the 
CSF, intensity of the 
bands the same com-
pared to the serum. 

The Borrelia-specific antibodies detected have 
passively entered the CSF space from the serum. 

Bands present in the 
CSF, intensity of the 
bands less than that of 
the serum. 

Possible analytical error (e.g. clinical chemistry). It is 
recommended to check whether serum and CSF 
were collected on the same day or if a mix-up of 
samples can be ruled out. If necessary, a repeat 
determination of the clinical chemistry and subse-
quently repeat testing with a corrected dilution may 
be useful. 

Bands present in the 
CSF, intensity of the 
bands greater than that 
of the serum, 
and/or 
additional specific bands 
in the CSF. 

Intrathecal synthesis of Borrelia-specific antibodies is 
likely. 
 
 
 
Additional specific bands in the CSF are highly 
significant for Borrelia-specific intrathecal antibody 
production. 
Isolated p41 can be non-specific. Intrathecal synthe-
sis cannot be ruled out, however. 

Band intensity in the 
saturation range 
(very high band intensi-
ty). 

With a very high band intensity for an antigen, it may 
be that a comparative assessment of the reactivi-
ties between the serum and the CSF is not pos-
sible. If a statement cannot be made about intrathe-
cal synthesis due to other antigens, we recommend 
repeating the CSF/serum test with adjusted immu-
noglobulin concentrations at a higher dilution. In 
these cases, dilutions of the CSF > 1:20 in the IgG or 
> 1:10 in the IgM are recommended. 

 
4.4 Limitations and Restrictions of the Method 

• Serological test results must always be viewed in the context of the 
clinical picture. Therapeutic consequences of the serological find-
ing must be connected with the clinical data. 

• A normal finding cannot rule out CSF infection with Borrelia 
burgdorferi. Especially in the early stage of infection, antibodies 
may not yet be present or may be present in undetectable 
amounts. Antibiotic treatment in the early stage can prevent for-
mation of detectable antibodies. If neuroborreliosis is clinically 
suspected and the serum results are negative or unclear, collec-
tion of new samples and testing should be carried out again after 
three weeks. 

• A pathological result in the IgG and/or IgM does not mean that 
active neuroborreliosis is present in every case. As intrathecal an-
tibodies persist for longer periods, antibodies due to a previous in-
fection may have been detected. 

• Intrathecal synthesis of IgM antibodies does not provide an indica-
tion of a recent infection. 

• Selective use of recombinant Borrelia burgdorferi antigens rules 
out a cross-reaction as far as possible with antibodies that are in-
duced by an infection with the pathogens that causes syphilis 
(Treponema pallidum), relapsing fever (Borrelia recurrentis, Borre-
lia duttonii, Borrelia hermsii) or leptospirosis (Leptospira spp). With 
an active syphilis infection or a syphilis serological scar, isolated 
antibody activity against the p41 antigen has been found. Syphilis 
infection should therefore be ruled out in the case of unclear Borre-
lia serology. 

• Polyclonal stimulation of B-lymphocytes can occur in the case of 
infectious mononucleosis (glandular fever, EBV infection). This can 
lead to non-specific reactions when detecting IgM class antibodies. 
It is recommended to rule out a recent EBV infection using differ-
ential diagnostics if the medical history is unclear and there is a 
weak IgM response. 

• Dark test strips: some patient samples can produce a dark gener-
alised or patterned staining over the entire nitrocellulose strip. 
There are a number of different factors associated with the patient 
serum that are responsible for this. Evaluating these strips is gen-
erally only possible with limitations. Such ‘inverse’ bands (white 
bands on a dark background) must be rated negatively. The corre-
sponding serum should be checked using another serological 
method. 

 

4.5 Performance Characteristics 
4.5.1 Antigens and evaluation sera 
recomWell Borrelia and recomLine Borrelia were evaluated predomi-
nantly using sera and CSF from southern and western Germany. The 
sera were collected from patients with typical clinical symptoms at 
different stages of a Borrelia infection (erythema migrans, neuroborre-
liosis, Lyme arthritis and acrodermatitis chronica atrophicans). 
The following antigens were used to prepare the tests: 
recomWell IgG: OspC (B. garinii and B. b. sensu stricto), p100 (B. 
afzelii), p18 (B. afzelii), VlsE (various strains). 
recomWell IgM: OspC (B. garinii and B. afzelii), p41 (B. bavariensis), 
VlsE (various strains). 
recomLine Borrelia IgG, IgM: p100 (B. afzelii), VlsE (various strains), 
p58 (B. garinii), p41 (B. b. sensu stricto), p39 (B. afzelii), OspA (B. 
afzelii), OspC (B. b. sensu stricto, B. afzelii, B. garinii, B. spielmanii), 
p18 (B. b. sensu stricto, B. afzelii, B. garinii, B. spielmanii, B. bavari-
ensis). 
 
4.5.2 General performance characteristics 
See 2.4.Performance Characteristics recomWell Borrelia IgG, IgM. 
 
4.5.3 Evaluation of conjugate incubation for 45 minutes versus 60 

minutes 
28 CSF/serum pairs with a pathological antibody index (AI) and sus-
pected neuroborreliosis were tested with a 45-minute and a 60-minute 
conjugate incubation. The comparison indicated the same results in 
100% of the samples. 
 

5 Software – Confirmation with recomLine 
5.1 Dilution Calculator for the Strip Test 
If confirmation with a strip test must be carried out based on the calcu-
lation of the antibody index (AI), the required serum dilution can be 
determined by pressing the ‘Calculation of strip dilution’ button. 
The quantity of the CSF that is available can be entered under ‘CSF 
dilution’ in the calculation spreadsheet that opens. The desired dilution 
for the CSF can also be changed. 
With the help of the previously entered clinical data (ELISA calculation 
spreadsheet), the program now determines the serum dilution for the 
batch in the recomLine Borrelia that corresponds to the particular total 
immunoglobulin concentration in the CSF in the IgG or IgM. 
 

 
 

6 Literature 
See the instructions for use for recomWell Borrelia IgG, IgM or recom-
Line Borrelia IgG, IgM 
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