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ABSTRACT
This study was done to evaluate the diagnostic accuracy 
of cerebrospinal fluid kappa free light chain (KFLC) for 
diagnosis of multiple sclerosis, against isoelectrofocusing 
(IEF) to detect oligoclonal bands (OCB) as gold standard. 
64 cases were divided into positive and negative based 
on the OCB results. Diagnostic accuracy was calculated 
for the 1 mg/L cut-off. The 1 mg/L cut-off yielded a 
percent agreement of 86.1% and Cohen’s kappa value 
of 0.8. Youden’s index, yielded a cut-off of 0.92 mg/L 
as optimal (90.3% specificity and 90.9% sensitivity). 
The analytical time was 3 hours and 55 min for IEF 
and 25 min for KFLC. The cost of a single OCB test 
was PKR12 000 (US$68.17) compared with PKR4150 
(US$23.58) for KFLC. KFLC proved to be an accurate, 
cheaper and time-saving alternative and can be 
performed prior to the contemporary testing.

INTRODUCTION
Multiple sclerosis (MS) is a demyelinating disorder 
of the central nervous system (CNS), which often 
leads to disability.1 It is the most common disabling 
neurological disease in young adults, between 20 
and 40 years of age.2 The prevalence of MS in Paki-
stan is estimated to be 10 per 100 000 population.3 
Intrathecal immunoglobulin synthesis is commonly 
found in MS.4

The diagnosis of MS is largely clinical and is 
supported by diagnostic tests including brain MRI, 
spinal fluid analysis and neurophysiological testing, 
with oligoclonal banding (OCB) via isoelectric 
focusing electrophoresis (IFE) being the gold stan-
dard. Establishing the fact that the immunoglob-
ulins are of extensively cerebrospinal fluid (CSF) 
origin is imperative as systemic immunoglobulins 
can passively obliterate the blood–brain barrier 
and hence require to be distinguished from intra-
thecally incepted immunoglobulins suggestive of 
CNS pathology.5 However, IFE is a time-intensive 
and labour-intensive technique requiring subjec-
tive/visual interpretation of IgG bands from paired 
CSF and serum with an average time for analytical 
processing of over 4 hours.6 This further makes it 
susceptible to human errors and biases.7 Simul-
taneous samples of both the CSF and serum are 
needed, making it inconvenient for the patient 
as well. There is no standard definition of OCB 

amounts required for a clinically positive result, 
with differing approaches by varied institutions, 
positivity can be characterised by anything from 1 
to 4 unique CSF bands, which significantly affects 
diagnostic accuracy of the assay (figure 1).8

Kappa free light chain (KFLC) in CSF can 
provide a quantitative value for diagnosis and 
can reduce the labour requirements as well as the 
rater-dependent biases of the traditional diagnostic 
method. In the clinical laboratory setting, CSF 
KFLC has a noteworthy logistic advantage as it is an 
automated quantitative measure, which has further 
eliminated the need for paired serum analysis.9 
Furthermore, it will reduce the turn-around time 
of results reporting aiding swift patient-centred 
decision making by clinicians.10 CSF KFLC has a 
broader utility in cases with a clinically isolated 
syndrome, which is a clinical episode where patient 
reports symptoms (eg, optic neuritis) characteristic 
of inflammation and demyelination of the CNS and 
warrants evaluation by a neurologist.11

This study aims to validate and determine the 
diagnostic accuracy of CSF KFLC taking different 
interpretation approaches OCB via IFE as the 
gold standard. To the best of our knowledge, and 
based on a thorough literature review, this will be 
the first study from Pakistan to evaluate KFLC for 
MS. In this study, we proposed replacing OCB IFE 
testing with a more objective, less costly assay, such 
as measurement of CSF KFLC by nephelometry. 
Replacing OCB IFE testing would be advantageous 
for low and high complexity laboratories.

METHODOLOGY
The study was carried out at the Section of Chem-
ical Pathology, Department of Pathology & Labo-
ratory Medicine, Aga Khan University (AKU), 
Karachi, Pakistan.

OCB via IFE is routinely performed at the lab for 
patients with suspicion of MS or clinically isolated 
syndrome. Paired patient CSF and serum specimens 
are collected. The OCBs are detected by IFE on 
agarose gel using Interlab Diagnostics CSF IFE kit 
and manual immunoblotting steps to transfer the 
proteins on transfer membranes. Simultaneous anal-
ysis is also conducted on serum samples. The pattern 
of OCB in CSF is reviewed by two pathologists and 
their findings are noted as positive or negative for 
presence of CSF OCB shown in figure  1A,B. For 
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OCB, the 2017 McDonald criterion of two unique bands was 
used as the primary definition of a positive test result.12

Sixty-four samples were received during June to August 2021 
for OCBs via isoelectrofocusing (IEF), requested by physicians 
as part of clinical care. The aim of this sample selection was to 
reflect the diversity in the real clinical setting rather than having a 
focused group. Samples were stratified into two groups: positive 
(n=33), negative (n=31), as reported in their final OCB results 
available in the Integrated Laboratory Information Management 
System.

CSF samples were used for KFLC analysis after the retention 
policy limits have been saturated and the samples are ready to 
be discarded (3 days after the day of reporting results). A 0.5 mL 
CSF sample was analysed for KFLC analysis by nephelometry 
on Beckman Immage-800 analyzer using kits from Freelite (The 
Binding Site, Birmingham, UK) according to the manufacturer’s 
instructions. As CSF protein concentrations are smaller in CSF 
than serum, alternative dilutions and standard curve concentra-
tions were used for the alternative sample type compared with 
serum. A pre validated cut-off of KFLC that is, 1 mg/L by Saadeh 
et al was used.13 CSF was validated as a matrix for the cKFLC 
nephelometric assay, which is Food and Drug Administra-
tion (FDA)approved for serum specimens. Because the protein 
concentrations in CSF are lower than those in serum, alternate 
dilutions and standard curve concentrations were utilised to vali-
date this alternative matrix type for the measurement of KFLC 
in CSF. Precision estimates were carried out with measurements 
of 3 levels of calibrator-spiked artificial CSF: low (<0.5 mg/L) 
below the analytical cut-off limit medium (0.5–1 mg/L), near the 
analytical cut-off limit and high (>1 mg/L), above the analytical 
cut-off limit. Five precision measurements were taken within 
one analytical run and within-run imprecision was <7% Coeffi-
cient of variation (CV) across the levels.

Demographic characteristics of age and sex were compared 
between the groups according to OCB criteria, using Mann-
Mhitney’s U test and Fisher’s exact test, respectively. As most of 
the patients were outside referrals, chart reviews were available 

for nine cases. KFLC was compared using Mann-Whitney’s U 
test as well. Using a KFLC cut-off of 1 mg/L to assign patients as 
positive, the McNemar test was performed to identify significant 
change in categorisation compared with the OCB criteria. Per 
cent agreement between KFLC (calculated for the 1 mg/L cut-
off) and OCB IEF, and Cohen’s Kappa was calculated. Further 
to identify an optimal cut-off Youden’s index was determined. 
All statistical analyses were performed using R software (The R 
Project for Statistical Computing, Vienna, Austria).

RESULTS
Out of the 64 samples that were included in the study, 34% were 
male (n=22). The mean age was 28.6 years (range=2–68 years). 
Considering the OCB criteria for MS diagnosis, there were no 
significant differences in age or sex between positive and nega-
tive patients. The demographic details are listed in table 1.

A significant difference in KFLC was identified, as positive 
patients showed significantly higher KFLC compared with nega-
tive patients (Median and IQR 5.12 (3.15–5.12) vs 0.31 (0.20, 
0.51), p<0.001). The McNemar test did not find significant 
change in categorisation using either OCB criteria or Kappa 
>1 mg/L to diagnose patients. A per cent agreement of 89.1% 
and Cohen’s kappa value of 0.8 between OCB IEF and KFLC 
was determined (table 2). Using Youden’s index, a slightly lower 
cut-off of 0.92 mg/L was considered optimal, providing the same 
specificity as the previous cut-off, but higher sensitivity at 90.9%.

Brain MRI findings were available for the 9 cases with posi-
tive OCB results. The MRI results were suggestive of MS. The 
CSF KFLC results were above the cut-off in all the cases with 
a concordance of 100%. This further supported the diagnostic 
utility of KFLC.

The cost of a single OCB test using paired samples is PKR was 
7650 (US$41.35), while that of a single KFLC test was PKR4150 
(US$22.43). This is a 45.75% decrease in cost of a single test 
between the two methods. The details of cost difference between 
the two tests is listed in table 3. The time for the performance 
of OCB via IFE was 3 hours and 55 min whereas FKLC is 

Figure 1  Pattern of OCB on IEF (a=positive, b=negative). (*C=CSF, 
S=serum). (A) Unique oligoclonal in CSF, absent in serum, positive for 
MS. (B) Oligoclonal bands absent in CSF and serum, negative for MS. 
CSF, cerebrospinal fluid; IEF, isoelectric focusing electrophoresis; MS, 
multiple sclerosis; OCB, oligoclonal bands.

Table 1  Demographic details

Variable Overall

OCB IEF

P valueNegative Positive

Age (range) 27.5 (2–68) 31 (9–68) 33 (2–52) 0.213*

Sex

 � Male 22 11 (50%) 11 (50%) 1†

 � Female 42 20 (47.6%) 22 (52.4%)

KFLC 0.99 (0.34–5.12) 0.31 (0.20–0.51) 5.12 (3.16–5.12) <0.001*

Values are median (IQR) or n (%).
*Mann-Whitney test.
†Fisher’s exact test.
IEF, isoelectrofocusing; KFLC, kappa free light chain; OCB, oligoclonal bands.

Table 2  KFLC test performance using 1 mg/L as the cut-off

KFLC n

OCB IEF P value 
(McNemar 
test)Negative Positive

Negative 31 28 (87.5%) 4 (12.5%) 1

Positive 33 3 (9.4%) 29 (90.6%)

Agreement (%) 89.1

Cohen’s k 0.8

IEF, isoelectrofocusing; KFLC, kappa free light chain.
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performance takes 25 min. The breakdown of time difference 
between the two tests is shown in figure 2.

DISCUSSION
MS is one of the most common causes of neurological disability 
in young adults, second to trauma.14 The need for prompt and 
accurate diagnosis of MS is imperative because evidence suggests 
that early treatment proves to be beneficial in delaying disease 
progression.15 OCB coupled with IgG-specific immunoblot-
ting (IgG-IEF) identifies immunoglobulins specific to the CNS. 
It is part of the diagnostic criteria for MS.16 However, OCB is 
a labour-intensive and time-intensive technique that includes 
manual identification of IgG bands to report negative or posi-
tive results. The results of our study show that KFLC, when 
considered positive at a concentration >1.0 mg/L, has a substan-
tial agreement based Cohen’s kappa. Moreover, the differences 
between this test and the OCB analysis in relation to diagnostic 
accuracy are not statistically significant (p=0.20) as evident by 
the comparable performance between the two diagnostic tests 
with per cent agreement of 89.1%.

The use of KFLC for the diagnosis of MS has been well 
studied and validated in other regions of the world. Saadeh et al 
reported a sensitivity and specificity of 68.2% and 86.1% in the 
retrospective group while 78.6% and 87.1% in the prospective 
cohort, respectively.13 In another study, Gurtner et al reported 
an 86% sensitivity and 77% specificity of KFLC in diagnosis 

of demyelinating disease. They reported an optimal cut-off of 
0.06 mg/dL (6 mg/L).16 The difference in reported optimal cut-off 
could be due to inherent differences due to different geographic 
location, and therefore, it is important to develop population-
specific cut-off for KFLC. The results of KFLC may have impli-
cations beyond the diagnosis. Rudick et al reported that KFLC in 
the upper quartile implied rapid progression of disease.17 Simi-
larly, Rinker et al reported that KFLC of >1.53 µg/mL predicted 
enhanced disease progression.18

Although the literature on the utility of KFLC is present, to 
our knowledge, no study from the South-Asian region reported 
the use of KFLC for diagnosing the demyelinating disorder in 
this population. Hence, making it a first-of-its-kind study from 
the region.

Apart from similar diagnostic potential, KFLC has several 
other benefits over the traditional OCB via IEF. KFLC does 
not require a paired serum sample, making it relatively easier, 
not only for the patients, but also the laboratories by speeding 
up workflow. The turnaround time for KFLC test performance 
in the lab (25 min) is significantly lesser than that for OCB via 
IEF (3 hours and 55 min). This not only leads to lesser labour 
and time requirements of the performing technologists, but also 
results in quicker result reporting and accelerate the process for 
the prescribing physicians (figure 2). Third, the cost of KFLC is 
significantly lesser than that for OCB via IEF. At our setting, the 
cost of a single KFLC is PKR4150 (US$22.43) against PKR7650 

Table 3  Breakdown of cost differential between KFLC and OCB via IEF

Methods
Cost for material (single 
patient)

Cost for personnel
(single patient) Total cost (single patient)

Cost per 64 patients
(as per study results)

Difference in cost
(compared with 
exclusive IFE)

Exclusive IFE PKR7419 (US$40.1) PKR231 (US$1.3) PKR7650 (US$41.4) PKR489 600 (US$2,646.5)

Exclusive KFLC PKR4093 (US$ 22.1) PKR57 (US$0.4) PKR4150 (US$22.4) PKR265 600 (US$1,435.7) −45.8%

IFE and KFLC for all patients PKR11 800 (US$63.8) PKR755 200 (US$4,082.2) +54.2%

KFLC for all patients and IFE for 
positives*

PKR529 750 (US$2,864) −30.8%

*Using an average positive rate of 15%.
IEF, isoelectrofocusing; KFLC, kappa free light chain; OCB, oligoclonal bands; PKR, Pakistan Rupee.

Figure 2  Breakdown of the time and steps involved in analysis of KFLC (top) and IEF (bottom). CSF, cerebrospinal fluid; IEF, Isoelectric Focusing 
Electrophoresis; KFLC, kappa free light chain.
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(US$41.35) for OCB via IEF, a 45.8% decrease in KFLC 
compared with IEF (table 3).

Our study was limited by sample size and a lack of clinical 
information for all subjects as most of the patients were outside 
referrals. As OCB IEF can be positive in other demyelinating 
disorders in addition to MS, moreover, owing to lack of healthy 
controls and true positive cohort the sensitivity and specificity 
can be suboptimal. A cost analysis of total savings when KFLC is 
performed prior to OCB was not performed. However, this was 
a first study from Pakistan reporting highly favourable results for 
KFLC demonstrating the utility of this test in this population. 
Further larger and multi-centre studies are required to assess the 
overall diagnostic and monetary impact of incorporating KFLC 
in routine practice.

Provided the similar diagnostic potential along with the addi-
tional benefits and convenience, KFLC should be advocated as 
an initial test in undiagnosed patients. This testing is particu-
larly valuable in patients presenting with a clinically isolated 
syndrome, reporting symptoms such as optic neuritis, character-
istic of inflammation and demyelination of CNS.1 In instances 
where neurologist has a high suspicion of MS, but the diagnosis 
is not yet confirmed. It can also be recommended in cases where 
the imaging findings are inconclusive.19

CONCLUSION
Our study demonstrated that KFLC can serve as a cheaper and 
more convenient alternative to OCB via IEF, without compro-
mising on diagnostic accuracy. Moreover, it simplifies testing 
being a standardised quantitative test, less error prone and 
significantly reduced cost and turnaround time. Based on our 
study incorporation of this test as an initial screen for the evalu-
ation of MS in resource limited set ups like Pakistan, as it will not 
only be cost effective but would prove beneficial in both clinical 
and research settings.
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