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ABSTRACT

Background
Infection with the John Cunningham virus (JCV) is required for the 
development of progressive multifocal leukoencephalopathy, the feared 
complication of natalizumab treatment in multiple sclerosis patients. The 
JCV seroconversion rate seems higher in natalizumab treated patients than 
in the normal population, with an unknown cause.

Methods
We correlated natalizumab concentration to JCV antibody status and 
seroconversion in a large cohort of MS patients.

Results
135 patients were included. We found no correlation between natalizumab 
concentration and JCV status, JCV seroconversion nor JCV index.

Conclusions
Higher natalizumab concentrations do not explain the increased JCV 
seroconversion rate in natalizumab treated patients.
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INTRODUCTION

Natalizumab (NTZ), an α4-integrin binding humanized monoclonal antibody, 
is an effective treatment in relapsing-remitting multiple sclerosis (RRMS). 
However, the risk of developing progressive multifocal leukoencephalopathy 
(PML) requires continued attention during treatment. The likelihood of 
developing PML is linked to certain risk factors including treatment duration, 
prior treatment with immunosuppressants and John Cunningham virus (JCV) 
serostatus1. Recently, it has been suggested that higher NTZ concentration 
(resulting in higher α4-integrin receptor saturation) might be an additional risk 
factor for the development of PML2. Although it is not confirmed that higher 
NTZ concentration leads to an increased risk of PML, some neurologists are 
extending NTZ dose intervals with the aim of lowering the risk of PML2, 3.

In the general population, 35-70% is JCV positive, with an estimated yearly 
seroconversion of 1-2%4. In MS patients, comparable prevalence of JCV 
positive status is reported with an increase of JCV positivity with age5-7. 
Other risk factors for JCV positive status, such as male gender and North 
African origin, have been pointed out, but are unconfirmed by other 
reports5-7. The seroconversion rate in MS patients treated with NTZ, appears 
to be substantially higher than the normal population, with reported yearly 
conversion rates ranging from 2-26%8-12. Possibly, as is hypothesized with the 
risk of developing PML, higher NTZ concentration might increase the risk of 
JCV seroconversion2. The aim of this study was to investigate the correlation 
between NTZ concentration and JCV status and seroconversion.

METHODS

We are conducting a mono-centre prospective observational 
pharmacovigilance study including NTZ treated MS patients. Serum is 
obtained and stored every 3 months at -80°C at the biobank of the VUMC 
and the JCV status, including quantitative results expressed as serum 
antibody index values, is tested every 6 months. Recently, this cohort has 
been described by Vennegoor et al., focussing on JCV seroconversion11.

For this present study, we included all patients treated with NTZ in the last 
3 years. Patients were excluded when less than two results of JCV status 
were available. In all samples taken into analysis in this study, the second-
generation JCV antibody enzyme-linked immunosorbent assay (STRATIFY-2 
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test) was performed in UNILABS-DK to determine the anti-JCV antibody 
indices13.

We cross-sectionally measured serum NTZ concentration just before the 
next infusion (trough concentration) in JCV stable (either continuously 
negative or positive during follow-up) patients. Additionally, in all patients who 
converted from JCV negative to positive during follow-up, we measured a 
NTZ trough concentration at time of JCV seroconversion. Intra-individual NTZ 
trough concentrations have been described as stable14. NTZ concentrations 
were measured in Sanquin Laboratory, with a cross-linking assay using 
polyclonal rabbit anti-NTZ F(ab)2 fragments for capture and a mouse anti-
IgG4 monoclonal antibody for detection15.

This study was approved by the local institutional review board and 
written informed consent was obtained from all participants. To investigate 
differences between groups an independent-samples t test was used. 
Spearman correlation coefficient was used to assess the correlation between 
concentration and JCV index. The statistical analyses were performed using 
the Statistical Package for Social Sciences (SPSS) version 22.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS

In the last three years, 151 patients were treated with NTZ in our hospital. 16 
patients were excluded because JCV status was only measured once. Patient 
characteristics are described in table 1.

Table 1. Patient characteristics

Total, n=135

Age at time of concentration in years, mean (SD) 39.6 (10.3)

Gender, n female (%) 86 (63.7)

Duration of NTZ treatment in years, mean (SD) 4.7 (3.3)

EDSS at baseline NTZ, mean (SD) 3.8 (1.7)

Disease duration in years, mean (SD) 12.2 (7.2)

EDSS, Expanded Disability Status Scale; NTZ, natalizumab

The JCV status was tested 901 times in 135 patients (mean 6.7±2.8). 52 patients 
were JCV negative at all times and 47 patients were JCV positive at all times. 
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28 patients converted from JCV negative to JCV positive, and remained 
positive after seroconversion. The mean treatment duration at seroconversion 
was 3.6±2.0 years. Eight patients converted at least two times from negative to 
positive and back. These patients were excluded from the statistical analysis 
and figure.

Median NTZ concentration of all patients was 21.0µg/ml (range 0.1-86.0µg/
ml). We found no statistical difference of NTZ concentrations between JCV 
positive, JCV negative and JCV converting patients (see figure 1).

Figure 1. NTZ concentration in JCV negative, positive and converting patients.

NTZ: natalizumab. JCV: John Cunningham virus

Boxplot displaying NTZ concentrations in three groups: continuously JCV negative patients (n=52) 
with a median of 22.5µg/ml, continuously JCV positive patients (n=47) with a median concentration 
of 24µg/ml, and JCV converters (n=28) from negative to positive with a median concentrations of 
21µg/ml.

8
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In neither the cumulative group nor separate groups of JCV positive, negative 
and converting patients, did the index correlate with the NTZ concentration 
(cumulative group; p=0.17; r=-0.12).

DISCUSSION

Even though NTZ is one of the most effective treatments in RRMS, the risk 
of PML limits its use. Infection with JCV is required for the development of 
PML. To our knowledge, this report is the first to describe NTZ concentration 
in relation to JCV status and seroconversion. We did not find a difference 
in NTZ concentrations regarding JCV status, and more importantly, higher 
NTZ concentration does not seem to be a risk factor for JCV seroconversion. 
Various studies have reported higher JCV seroconversion rates in NTZ treated 
MS patients, with stable seroconversion rates over time9-12. Currently, there 
is no known mechanism why JCV seroconversion increases under NTZ 
treatment. One hypothesis is, that NTZ has an immunological effect on the 
gut mucosa, changing leukocyte homing and B and T cell population, and 
by this increasing the risk of JCV infection11. In conclusion, NTZ concentration 
does not correlate with JCV status nor seroconversion which implies, that by 
lowering NTZ dose or extending NTZ intervals one cannot expect a decrease 
in the risk of JCV seroconversion. It is important to further explore possible 
mechanisms of NTZ influence on JCV infection and point out risk factors 
for seroconversion to try diminish the risk of natalizumab associated PML in 
RRMS patients.
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