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Elevated levels of kappa free light chains 
in CSF support the diagnosis of multiple 
sclerosis

Introduction

The diagnosis of MS or a CISSMS is a life-changing event 
for patients, generally followed by an expensive long-
term therapy associated with numerous potential side 
effects. As several studies describe the benefits of early 
treatment, all possible effort should be taken to ensure 
both correct and early diagnosis [10, 15, 17]. To that end, 
different diagnostic criteria incorporating alterations to 
MRI and CSF examinations have been published over 
the years, the most recent and widely accepted being the 

McDonalds criteria [24] and their revised form [27]. 
However, recent studies investigating MRI criteria for 
MS show the limitations of this technique in equivocal 
MS cases [22, 26]. Therefore, it is imperative that other 
investigative procedures, such as CSF examination, are 
established for MS diagnosis. 

Isoelectric focusing (IEF) on agarose gel followed by 
immunoblotting is the gold standard for OCB detection 
[1]. Recent studies show high diagnostic performance 
with reported sensitivities of > 95 % [18, 21, 25, 35] (al-
though others report lower sensitivities of around 90 % 
[4, 9, 29] ). Since the interpretation of a single weak band 
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generally only through qualitative 
KFLCs analysis. Using a recently 
developed free light chain (FLC) 
immunoassay, it is now possible to 
quantitatively measure KFLCs by 
automated nephelometry. Our ob-
jective was to determine the extent 
to which KFLC levels in CSF corre-
lated with the diagnosis of MS and 
CISSMS (clinically isolated syn-
drome suggestive of MS) compared 
to oligoclonal banding (OCB) and 
the immunoglobulin G (IgG) index. 
Methods CSF and serum samples 
from 438 unselected patients, in-
cluding a MS group of 70 patients 
(41 MS, 29 CISSMS), were analysed 
using nephelometry and isoelectric 
focusing. We then retrospectively 
correlated results with patients’ 
 diagnoses. Results Of the MS group 
(n = 70), 67 patients had elevated 
KFLCs using the KFLC index 
(≥ 5.9), 64 patients showed OCB 
and 56 patients presented with an 

elevated IgG index (≥ 0.6). Sensitiv-
ities were 0.96 for the KFLC index, 
0.91 for OCB and 0.80 for the IgG 
index. The specificity of the KFLC 
index for the MS group (0.86) was 
lower than that of OCB (0.92) but 
distinctly higher compared to the 
IgG index (0.77). Conclusion In this 
study, an elevated KFLC-index 
 represented the most sensitive and 
specific quantitative diagnostic pa-
rameter for MS. As it is measured 
by automated, routinely available 
laboratory methods, KFLC quanti-
tation can provide a rapid and 
 reproduceable indication of intra-
thecal immunological processes 
supporting current MS diagnostic 
criteria.

■ Key words  multiple sclerosis · 
CSF · oligoclonal IgG · kappa free 
light chain · kappa free light chain 
index

■ Abstract  Background Numerous 
studies have demonstrated elevated 
kappa free light chains (KFLCs) in 
CSF of multiple sclerosis (MS) pa-
tients. However, so far only small 
cohorts have been examined, and 
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can be the difference between a ‘positive’ or ‘negative’ 
result, the evaluation of CSF immunoblots should be re-
stricted to experienced specialists, and additional tech-
niques are needed to assist OCB interpretation. This is 
particularly true since the diagnostic value of one single 
band in CSF remains unclear [5]. The McDonalds crite-
ria accord an elevated IgG index the same diagnostic 
relevance as positive OCB. This has been widely criti-
cised [12, 21] as a number of studies report sensitivities 
around 75 % or lower for the IgG index in diagnosing MS 
[1, 20]. Removal of the IgG index from the MS diagnostic 
algorithm has already been recommended [25]. 

The kappa free light chain (KFLC) may represent a 
useful marker for the diagnosis of MS. Plasma cells pro-
duce an excess of kappa and lambda light chains during 
the production of intact immunoglobulins and these are 
secreted as free light chains (FLCs). Due to the high frac-
tional excretion and catabolism of the kidneys the half-
life of FLCs in human serum is only a few hours. In the 
1980s several study groups demonstrated KFLC levels in 
the CSF of MS patients [2, 6, 32, 33] and subsequently 
KFLC was identified as a potential marker for MS diag-
nosis [8, 12, 19, 30]. Results were reinforced by a study on 
OCB negative MS patients who displayed detectable 
KFLC levels in CSF [13]. In 2001, Bradwell et al. intro-
duced a highly specific immunoassay for nephelometric 
or turbidimetric FLC quantitation [3]. Using this assay, 
different study groups have demonstrated a strong cor-
relation of elevated KFLC levels in CSF with positive 
OCB and the diagnosis of MS in small cohorts [7, 11]. 
Our purpose was to evaluate the diagnostic performance 
of quantitative KFLC and LFLC measurement in CSF in 
a large cohort and to formulate a threshold value for the 
diagnosis of MS/CISSMS. 

Methods

■ Patients

Between 2001 and 2006, CSF and serum samples were collected from 
438 consecutive unselected patients who underwent a lumbar punc-
ture. We reviewed the patients’ records and established several diag-
nostic subgroups. The MS group consisted of 70 patients: 41 patients 
(37 relapsing remitting MS, 4 primary progressive MS) fulfilled the 
criteria of dissemination in space and time for diagnosis MS accord-
ing to latest criteria [24, 27]; in none of these cases were the CSF re-
sults the decisive diagnostic criterium; 29 patients presented a clini-
cal isolated syndrome with typical MRI alterations, but did not show 
a dissemination in time, and were classified as CISSMS. The remain-
ing 368 patients presented with various neurological diseases, includ-
ing other CNS inflammatory diseases. These were all summarized as 
single subgroups: meningitis/encephalitis (n = 41), Guillain-Barré 
syndrome (GBS) (n = 15), neuroborreliosis (n = 15) and chronic in-
flammatory demyelinating polyneuropathy (CIDP) (n = 7).The sub-
group meningitis/encephalitis was characterized by typical clinical 
impression and significantly elevated cell count in CSF. A bacterial 
pathogen in CSF was detectable in 18 cases (9x streptococccus pneu-
moniae, 8x neisseria meningitidis, 1x mycobacterium tuberculosis); 
the isolation of viral antigens was successful in 4 cases (3x herpes 

simplex virus, 1� enterovirus). A further subgroup presenting no ma-
jor clinical or paraclinical sign of inflammation was established to 
define reference ranges of KFLC and LFLC in CSF, and the KFLC in-
dex and the LFLC index: 56 patients underwent a lumbar puncture to 
allow either dementia exploration, exclusion of subarachnoidal 
bleeding or examination of suspected normal pressure hydrocepha-
lus; 45 of these patients showed no sign of severe inflammation (leu-
kocytes < 10000 cells/μl and CRP < 35 mg/l [threshold value 5 mg/l] 
in serum; IgG index < 0.6; normal cell count in CSF; albumin ratio 
< 0.06; body temperature < 37 °C) and were considered a control 
population for establishment of reference FLC levels in serum and 
CSF. In 192 patients CSF examination excluded a primary suspected 
intrathecal infection. Most represented diagnoses were peripheral 
facial palsy (n = 27), epileptic disorders (n = 33) and hemicrania or 
tension type headache (n = 31). All together 234 patients were not 
assigned to a special diagnosis-bound subgroup but were part of the 
non-MS group (n = 368) including all subgroups beside our MS 
group.

■ Sample collection and laboratory analyses

A cubital vein was punctured and 6 ml blood collected into a gel-con-
taining standard tube (Vacuette tube, Greiner Bio-One, Kremsmün-
ster, Austria) for analysis of routine chemistry, immunoglobulins and 
FLC. Another 4 ml blood was collected into a K3-EDTA-containing 
tube (Greiner Bio-One) for a complete blood count. CSF was pro-
cessed within 2 hours after lumbar puncture or stored at –80 °C until 
further examination.
 Routine chemistry analyses were performed on a Hitachi 917 
chemistry analyzer (Roche Diagnostics GmbH, Mannheim, Ger-
many), serum albumin and immunoglobulin concentrations were 
quantified using a Cobas Integra 700 (Roche Diagnostics) with re-
agents supplied by the analyzer’s manufacturer. CSF albumin and im-
munoglobulin concentrations were determined by nephelometry on 
a Behring ProSpec (Dade-Behring, Marburg, Germany) using re-
agents supplied by the analyzer’s manufacturer. The IgG index was 
calculated according to the following formula: (CSF IgG/serum IgG)/
(CSF albumin/serum albumin). Detection of oligoclonal IgG banding 
was realized with isoelectric focussing on agarose gel on a Helena 
SPIFE 2000 automated electrophoresis system (Helena BioSciences 
Europe, Sunderland, UK) and subsequent immunoblotting using the 
Helena IgG IEF Kit (Helena BioSciences). In collaboration with other 
laboratories, our OCB detection unit participates in an external qual-
ity control for OCB with round trials twice a year. The complete blood 
count was performed on a Sysmex XE-2100 hematology analyzer 
(Sysmex-Toa, Kobe, Japan); CSF cell count was assessed microscopi-
cally using a Fuchs-Rosenthal chamber.
 Both CSF and serum FLC concentrations were analyzed on a Beh-
ring ProSpec using the serum free light chain immunoassay (Free-
lite™, The Binding Site, Birmingham, UK) according to the manufac-
turer’s instructions. When performing 20 replicate tests on polyclonal 
sera, the KFLC assay showed an intraassay CV of 7.9 % at 0.7 mg/l and 
an interassay CV of 8.7 % at 14 mg/l. For the LFLC assay the intraassay 
CV was 10 % at 0.9 mg/l and the interassay CV was 7 % at 32 mg/l [16]. 
Results were expressed as serum and CSF FLC concentrations, and as 
FLC indices determined by the following ratio: (CSF FLC/serum 
FLC)/(CSF albumin/serum albumin). In cases of FLC values below the 
detection limit we used the corresponding detection limit (KFLC: 
0.06 mg/l and LFLC: 0.08 mg/l) for calculation.

■ Statistical analysis

Data are presented as medians and ranges. As confirmation that the 
different variables were normally distributed was not possible, com-
parisons between groups were assessed using non-parametric meth-
ods (the Kruskal–Wallis test and the Mann–Whitney U-test). A two-
sided p-value less than 0.05 was considered to indicate statistical 
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difference. Receiver Operating Characteristics (ROC) curve analysis 
was used to describe the relative performance (sensitivity and speci-
ficity) of the parameters investigated. Statistical calculations were 
performed with Statistica for Windows 5.1 (Statsoft, Tulsa, OK, 
USA). 

Results 

In patients with normal pressure hydrocephalus, unde-
fined dementia or a primary suspected but unconfirmed 
subarachnoidal bleeding and with no major clinical or 
paraclinical sign of inflammation (n = 45), we found low 
levels of both KFLC and LFLC in the CSF. Four samples 
had KFLC levels below the detection limit of the assay 
and six samples had LFLC levels below the detection 
limit of the assay. Serum FLC levels were within the pub-
lished normal reference ranges [16], resulting in low 
KFLC and LFLC indices. Median FLC values in CSF in 
this control subgroup were 0.18 mg/l (0.13–0.22) for 
KFLC and 0.16 mg/l (0.13–0.2) for LFLC. Median values 
of 1.35 (0.94–2.21) for the KFLC index and 1.23 (0.91–
1.54) for the LFLC index were determined (Table 1).

Highly elevated serum levels of KFLC and/or LFLC 
were found in two patients suffering from lymphoprolif-
erative diseases (patient 1: serum: KFLC 453 mg/l, LFLC 
114 mg/l; CSF: KFLC 2.14 mg/l, LFLC 0.68 mg/l; KFLC 
index: 0.62; LFLC index: 0.78; patient 2: serum: KFLC 
60.9 mg/l, LFLC 31 mg/l; CSF: KFLC 1.53 mg/l, LFLC 
1.03 mg/l; KFLC index 2.09, LFLC index 2.77). In sera of 
several patients with severe systemic inflammation, we 
detected moderately elevated levels of both KFLC and 
LFLC. All other patients, including the MS group, exhib-
ited FLC levels in serum within or close to the published 
normal ranges of healthy donors [16]. Five patients pre-
senting lymphoproliferative diseases affecting the CNS 
displayed extremely elevated FLC levels in CSF. Other 
patients with diseases not associated with CNS inflam-
mation showed FLC levels in CSF comparable to those of 
the control group. Remarkably, a mild deterioration of 
the blood-CSF barrier (measured by albumin ratio) had 
no major influence on the FLC values in the CSF (data 
not shown).

In the CSF of the MS group, we typically found high 
elevated KFLC levels and moderately elevated LFLC lev-
els. There was no major difference between patients with 
either definite MS or a CISSMS. Other diseases associ-
ated with intrathecal infection (meningitis/encephalitis, 
neuroborreliosis) and inflammatory diseases with typi-
cal CSF alterations (GBS, CIDP) generally showed mod-
erate increases of both KFLC and LFLC levels in CSF 
(Table 1, Fig. 1).

As expected, most patients in the MS group had qual-
itatively detectable intrathecal IgG production, with 
64/70 patients exhibiting OCB. For the non-MS group 
(n = 368), 30 patients displayed OCB, including patients 
with meningitis/encephalitis (n = 4) and neuroborrelio-
sis (n = 7). Overall, OCB detection achieved a sensitivity 
of 0.91 and a specificity of 0.92 for diagnosing MS/CIS-
SMS in this cohort (Table 2). The most common quanti-
tative assessment of IgG production in CSF is the IgG 
index. We examined three different thresholds (≥ 0.6; 
≥ 0.65; ≥ 0.7) to evaluate optimum diagnostic perfor-
mance of the IgG index in our cohort. Lowest threshold 
of ≥ 0.6 did not exceed a sensitivity of 0.8 combined with 
a specificity of 0.77 (Table 2, Fig. 2).

Table 1  Median values (lower quartile-upper quartile) of FLCs in CSF and FLC indices in different subgroups

KFLC (mg/l) in CSF LFLC (mg/l) in CSF KFLC index LFLC index

 MS group (n = 70) 4.12 (1.4–8.77) 0.67 (0.25–1.54) 65.74 (22.25–159.42)  9.62 (4.27–37.25)

 Definite MS (n = 41) 4.62 (1.41–10) 0.72 (0.29–1.46) 78.97 (19.58–189.39)  9.34 (4.49–29.24)

 CISSMS (n = 29) 2.95 (1.39–8.65) 0.53 (0.24–1.57) 63.03 (29.91–95.19) 12.24 (3.31–42.3)

 Control group (n = 45) 0.18 (0.13–0.22) 0.16 (0.13–0.2)  1.35 (0.94–2.21)  1.23 (0.91–1.54)

 Encephalitis/meningitis (n = 41) 0.55 (0.32–1.27) 0.57 (0.27–1.27)  3.01 (1.13–9.03)  2.1 (1.07–5.27)

 Guillain-Barré syndrome (n = 15) 0.8 (0.25–1.44) 0.35 (0.27–0.69)  2.33 (1.63–9.39)  1.88 (1.27–3.48)

 Neuroborreliosis (n = 15) 0.59 (0.14–5.94) 0.82 (0.14–5.48)  3.3 (1.74–24.65)  2.19 (1.33–30.17)

 CIDP (n = 7) 0.34 (0.22–2.03) 0.25 (0.22–0.43)  1.34 (1.1–8.09)  1.44 (1.02–2.03)
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Fig. 1  Median values and ranges of KFLC index in different subgroups; MS MS 
subgroup; ME meningitis/encephalitis subgroup; NB neuroborreliosis subgroup; 
GBS Guillain-Barré syndrome subgroup; CON control subgroup



  1511

We calculated KFLC and LFLC indices and compared 
these with results of common tests for intrathecal in-
flammation and with the original diagnoses. There was 
moderate correlation between LFLC-indices and OCB 
and the IgG index in our MS group. However, elevated 
KFLC indices correlated strongly with the diagnoses of 
definite MS or CISSMS. The best performing threshold 
value for MS diagnosis was a KFLC index ≥ 5.9 (Table 2, 
Fig. 2). This threshold value represents the lowest KFLC 
index of a MS patient with detectable intrathecal inflam-
mation identified by positive OCB in our cohort. Within 
the MS group, KFLC indices ranged from 2.03–1514 
(median 65.74). Only three patients (one definite MS, 
two CISSMS) exhibited a KFLC index < 5.9, combined 
with negative OCB and a normal IgG index (< 0.6). Three 
other patients from the MS group (one definite MS, two 
CISSMS) also had no OCB, but did present elevated 

KFLC indices (6.84; 9.29; 20.39). Using this threshold 
value (KFLC index ≥ 5.9) we observed a sensitivity of 
0.96 and a specificity of 0.86 for diagnosing MS/CISSMS 
in our cohort (Table 2).

The KFLC index in our MS group was significantly 
higher than in all other subgroups investigated 
(p < 0.001). Furthermore the subgroups meningitis/en-
cephalitis (p = 0.003), neuroborreliosis (p = 0.001) and 
GBS (p = 0.009) presented statistical significant higher 
KFLC index values compared to the control group, in 
contrast to the CIDP group (p = 0.315).

Positive OCB correlated strongly with KFLC index 
values ≥ 5.9. Out of 94 patients with detectable OCB, 84 
presented with elevated KFLC indices. Eight patients 
who presented positive OCB but had KFLC index values 
below 5.9 had no clinical signs of intrathecal inflamma-
tion, one patient was suffering from meningitis and one 
patient from suspected myelitis. There was poor correla-
tion between elevated IgG index and elevated KFLC in-
dex. 

Furthermore we found no correlation between MS 
type (relapsing remitting MS, primary progressive MS), 
Expanded Disability Status Scale (EDSS) score at time of 
lumbar puncture, disease duration, or number or local-
ization of MRI abnormalities and the value of KFLC or 
KFLC index in our cohort (data not shown). 

Discussion 

It has been known for decades that KFLC levels are ele-
vated in the CSF of MS patients. Development of a sensi-
tive immunoassay for serum or CSF FLC quantitation 
has allowed incorporation of FLC analysis into routine 
laboratory diagnostic algorithms. In this study we re-
port FLC measurement as a reliable method for detec-
tion of intrathecal inflammation with high correlation 
between elevated KFLC-indices (≥ 5.9) and the diagnosis 
MS/CISSMS. Our results strongly suggest that the KFLC 
index should be determined together with OCB as part 
of the routine MS diagnostic algorithm. Additional LFLC 

Table 2  Occurrence of positive OCB, elevated IgG indices (IgGI) and elevated KFLC indices (KI) and resulting sensitivity,  specificity and positive and negative predictive 
values for the diagnosis MS/CISSMS using different thresholds

All patients
n = 438

MS group n = 70
(definite MS n = 41)

Sensitivity Specificity Positive predictive value Negative predictive value

 Positive OCB  94 64 (39) 0.91 0.92 0.68 0.98

 IgGI ≥ 0.6 141 56 (33) 0.80 0.77 0.4 0.95

 IgGI > 0.65 110 46 (27) 0.66 0.83 0.42 0.93

 IgGI > 0.7  92 43 (26) 0.61 0.87 0.47 0.92

 KI ≥ 5.9 117 67 (40) 0.96 0.86 0.58 0.99

 KI > 20  80 54 (30) 0.77 0.93 0.68 0.96

 KI > 50  46 42 (25) 0.60 0.99 0.91 0.93

 KI > 200  11 11 (9) 0.16 1 1 0.86
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Fig. 2  Performance of KFLC index, KFLC, LFLC index and IgG index in MS/CISSMS 
diagnostics demonstrated as ROC curves and AUC values
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index determination can support the exclusion of alter-
native diagnoses.

Within the non-MS group (n = 368) we found 50 sam-
ples with elevated KFLC indices (≥ 5.9) resulting in a 
lower specificity for MS diagnosis compared to OCB. 
However, in our study most other diseases associated 
with a KFLC index rise are not likely to mimic the clini-
cal symptoms of MS and often present with a parallel 
rise of the LFLC index. Beside MS/CISSMS, cases of 
meningitis/encephalitis (n = 18) were the most common 
diagnoses associated with KFLC indices ≥ 5.9 in our co-
hort (Fig. 1). Consideration of clinical indications to-
gether with other CSF analyses (including elevated LFLC 
and LFLC index) are likely to prevent misdiagnosis of 
MS in these patients. While increased KFLCs are sugges-
tive of MS diagnosis, alternative diagnoses should be 
considered if these are associated with concurrent sig-
nificant elevation of LFLC levels. A similar conclusion 
can be made with regard to other inflammatory diseases 
frequently associated with KFLC indices ≥ 5.9 such as 
neuroborreliosis, GBS and CIDP. Moreover, FLC analysis 
is quantitative, and measurement of the absolute FLC 
levels provides additional information. If the threshold 
of the KFLC index was adjusted to > 20, as proposed for 
MS diagnosis by Desplat-Jego et al. [7], specificity would 
rise to 0.93 but only 54/70 patients in the MS group 
would have exhibited pathological values (sensitivity of 
0.77) in our cohort. Very high values of KFLC > 200 were 
only detectable in the MS group (n = 11). These findings 
demonstrate that very high values for the KFLC index 
correlate strongly with MS diagnosis. However, reliable 
identification of nearly all MS cases in our cohort was 
achieved using a threshold of 5.9, a level associated with 
an increased sensitivity of 0.96. In the absence of long-
term studies, the interpretation of low, moderate or high 
elevation of FLC indices with respect to MS diagnosis is 
for individual clinicians to decide. 

When alternatively selecting the highest KFLC index 
value of the control group (KFLC index of 6.18) as 
threshold value as proposed by Fragnart et al. [8], we 
achieve similar results: sensitivity of 0.94 and specificity 
of 0.88 for MS/CISSMS diagnostics.

Most patients in our cohort only underwent a single 
lumbar puncture. Therefore we do not have data on any 
fluctuation of CSF FLC levels over time, or on whether 
high KFLC indices predict future OCB. One patient with 
PPMS showed a stable KFLC index when puncture was 
repeated after 5 years (284.02 at time 0, 308.96 at 5 years). 
In suspected MS patients with ambiguous CSF results 
(e.g., no OCB but elevated KFLC index), it may well be 
useful to repeat CSF examination after a certain period 
of time. 

Signs of intrathecal inflammation in the form of an 
elevated IgG index are a rare finding in GBS patients and 
detectable OCBs are untypical for this disease [23]. In 

our cohort out of 15 GBS – patients, two presented with 
OCB (performed twice), three had an elevated IgG index 
(≥ 0.6) and in seven patients we detected an elevated 
KFLC index. Studies on larger cohorts will be needed for 
a clear statement whether FLC quantitation is of clinical 
interest in these patients.

There was no CSF of a non-neurological control 
group available. However, our control group shows sim-
ilar KFLC levels as presented by Fischer et al. [11] with 
values around the detection limit. A mild deterioration 
of the blood-brain barrier in 18 out of our 45 control 
patients (albumin ratio: 0.006 < n < 0.06) had no visible 
influence on the FLC values in CSF. It is unlikely that CSF 
of healthy volunteers contains higher amounts of FLCs 
and lower levels would not be reliably measurable with 
our detection method. The assays we use were estab-
lished for FLC detection in serum and urine and little is 
known about their performance in FLC quantification 
in CSF especially for low FLC concentrations. Neverthe-
less we obtained reproducible results for FLC measure-
ment in CSF and the relevant values of our MS group 
were distinctly above the quoted detection limits.

Beside HIV infection [14], MS/CISSMS is the only in-
flammatory disease reported to cause predominant ele-
vation of one of the two FLCs in a body fluid. The reason 
for this phenomenon is still unknown. FLCs may have 
immunological functions [34] and the consequences of 
prolonged elevation of KFLC in CSF remain to be deter-
mined. Such investigations could deliver valuable infor-
mation concerning the disease course of MS.

We had no patients with a HIV infection participat-
ing in our study, which could modify the specificity of 
the KFLC index. 

We did not find a correlation between KFLC index 
values and the EDSS score at time of lumbar puncture in 
our cohort (data not shown), but we do not have long-
term data. However, high KFLC levels in CSF were gener-
ally associated with positive OCB. MS patients with no 
OCB, who generally present a lower EDSS score dis-
played only moderately elevated KFLC indices (range 
2.03–20.39, mean 7.25). It has been reported previously 
that patients with no or low humoral CSF abnormalities 
tend to have a benign MS characterized by a mild dis-
ease course [31, 36]. It is to be expected that low KFLC 
levels may be associated with less aggressive disease 
progression in MS, as a recent study showed [28]. The 
extent to which these results might influence future 
therapeutic strategies is not yet clear and should be sub-
ject of further studies.
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