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Introduction
Multiple sclerosis (MS) is a chronic immune- 
mediated disease of the central nervous system 
(CNS), characterized by inflammatory processes, 
demyelination and axonal degradation.1 MS therapy 
aims at immunomodulation and/or immunosuppres-
sion, including use of established drugs like corticos-
teroids for relapse treatment; and disease-modifying 
drugs (DMDs) such as interferon-beta, glatiramer 

acetate, natalizumab, alemtuzumab, fingolimod, terif-
lunomide and dimethyl fumarate.2 Especially for 
newer DMDs, regulatory authorities demand observa-
tional studies and registries, to detect their possible 
adverse treatment effects and frequencies.

Natalizumab is a humanized monoclonal IgG4 anti-
body, targeting α4β1-integrin (VLA-4) mediated trans-
migration of activated immune cells from peripheral 
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blood into the CNS, by specifically blocking the  
α4-subunit of VLA-4 on these cells.3 In addition, a  
prolonged increase in peripheral lymphocytes, mainly 
B cells, has been observed.4 Although natalizumab 
proved to be clinically highly efficacious, its applica-
tion in MS treatment was hampered by the occurrence 
of natalizumab-associated cases of progressive multi-
focal leukoencephalopathy (PML),5 a rare but poten-
tially fatal opportunistic CNS infection caused by the 
John Cunningham virus (JCV).6 The overall risk of 
PML in natalizumab-treated MS patients is 3.41 per 
1000 patients,7 and screening for anti-JCV antibody 
status has become clinically routine in natalizumab 
treatment of MS and for PML risk stratification.8,9

Increasing evidence points to a higher risk of herpes 
virus infections in MS patients treated with novel 
DMDs. Theoretically, blocking migration of virus- 
specific T cells by DMDs should reduce the control of 
herpes simplex virus (HSV) and varicella-zoster virus 
(VZV) reactivation from persistently-infected spinal 
root ganglia. The first observational evidence in support 
of this hypothesis was obtained during clinical trials of 
fingolimod,10–12 a sphingosine-1-phosphate receptor 
agonist that inhibits lymphocyte emigration from the 
thymus and peripheral lymphoid organs.13 Furthermore, 
a growing number of case reports are suggestive of an 
increase in the risk of HSV and VZV infections in MS 
patients undergoing treatment with fingolimod14 and 
natalizumab.15–21 A study on functional T-cell analyses 
in patients treated with fingolimod also shows a slightly 
reduced antiviral T-cell response with respect to herpes 
viruses, occasionally accompanied by subclinical reac-
tivation of VZV or Epstein-Barr virus (EBV) in the 
saliva.22 Nevertheless, larger studies defining suscepti-
bility to neurotropic herpesvirus infections in differ-
ently treated MS patients, in comparison to healthy 
people, are missing. Such comparative analyses are 
hampered by the fact that the incidence of clinically-
relevant herpesvirus infections is low, demanding 
investigation of large patient cohorts to reach statistical 
significance. This limitation could possibly be over-
come, if not only the symptomatic, but also the subclini-
cal infections were monitored.

VZV is a common herpesvirus, with a seroprevalence 
rate of nearly 100%.23 After primary infection, VZV 
latently persists in spinal root ganglia. The decline of 
VZV-specific cellular immune responses leads to 
reactivation of the virus and can result in herpes zos-
ter. In addition, evidence for reinfection events has 
been obtained (reviewed in Quinlivan and Breuer).24

The incidence of herpes zoster in the general popula-
tion is 0.3–0.5 per 100 person-years, independent of 

gender but sharply increasing with age, up to 0.6–0.8 
per 100 person-years in individuals aged 50–80 
years.25 Besides age dependency, incidence increases 
with certain conditions that impair cell-mediated 
immunity, for example infection with human immu-
nodeficiency virus (HIV), leading to an incidence of 
2.9–5.1 per 100 person-years in HIV-infected patients, 
prior to the introduction of highly-active antiretroviral 
therapy; and 0.9–1.7 per 100 person-years in the cur-
rent antiretroviral therapy era.26,27

We performed statistical simulations, assuming a 
base-line incidence of herpes zoster in healthy people 
of 0.003 per person-year and a hypothetical 50% 
increase in herpes zoster incidence in MS patients 
treated with novel DMDs. These simulations indi-
cated that 64,913 person-years of follow-up would be 
required per patient group to observe a relative risk 
(RR) of 1.5 at a global significance level of 0.05, with 
a power of 0.8. Since asymptomatic VZV reactiva-
tions or reinfections, as detected by significant rises 
of anti-VZV IgG levels, appear to be more frequent 
than herpes zoster in non-immunosuppressed indi-
viduals28; we compared the incidence of significant 
rises of anti-VZV IgG levels in natalizumab-treated 
MS patients to control groups, to gather serological 
evidence of enhanced susceptibility to VZV reactiva-
tion or reinfection. This approach could offer the 
opportunity to measure susceptibility to VZV reacti-
vation or reinfection in smaller patient groups.

Materials and methods

Patients and samples
This non-concurrent cohort study was approved by the 
responsible local ethics committee (Ruhr-University 
Bochum, in Bochum, Germany; reg. no. 4862–13).

Table 1 shows the study’s paired serum samples, col-
lected for other reasons (i.e. monitoring of disease, 
therapy or blood donation) and stored frozen at −20°C 
to −80°C, that were available for analysis.

Nat-MS group. Paired sera of 205 natalizumab-
treated MS patients; with an interval between the first 
and second sampling of 8.3 months, on average 
(median: 7.5 months; range: 4.0–17.79 months; stan-
dard deviation (SD): 2.5 months; and cumulative 
observation period: 141 person-years), with both 
time-points of sampling during natalizumab treat-
ment; collected between 2007 and 2011 in a labora-
tory for nationwide anti-natalizumab antibody testing 
(Department of Neurology, Sankt Josef-Hospital, 
Ruhr-University Bochum, Bochum, Germany).
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HD group. Paired sera of 402 healthy blood donors 
(HD), with an interval between the first and second 
sampling of 6.5 months on average (median: 6.0 
months; range: 5.0–11.0 months; SD: 1.25 months; 
cumulative observation period: 216 person-years); 
collected in 2006 at the Institute of Laboratory and 
Transfusion Medicine (Heart and Diabetes Centre of 
North Rhine-Westphalia, Ruhr-University Bochum, 
Bad Oeynhausen, Germany).

HIV group. Paired sera of 95 HIV-infected patients, 
with an interval between first and second sampling of 
7.1 months, on average (median: 7.0 months; range: 
5.7–9.0 months; SD: 0.8 months; cumulative observa-
tion period: 56 person-years); and collection between 
2005 and 2007 at the German Competence Network 
for HIV/AIDS (Department of Dermatology, Venerol-
ogy and Allergology; Saint Josef-Hospital; Ruhr-Uni-
versity Bochum; Bochum; Germany).

Controls. The HD group and the HIV group served as 
controls: For the HD group, stored serum pairs were 
selected and age- and gender-matched as accurately 
as possible to the Nat-MS group. For the HIV group, 
age- and gender-matching was not possible with the 
available samples. Clinical data from patients who 
had had significant rises in anti-VZV IgG levels were 
obtained by review of their medical records.

Antibody detection
For all paired serum samples, anti-VZV IgG levels 
were quantitatively determined using the SERION 
ELISA Classic VZV IgG Kit (Virion\Serion, 
Würzburg, Germany). A rise in anti-VZV IgG anti-
body levels of 4-fold or higher was assessed as sig-
nificant, as is widely accepted,29,30 and was counted 
per patient group. In case of a significant rise, 
expanded antibody detection was performed using 

Table 1. Baseline characteristics of study groups and incidence of significant rises of anti-VZV IgG levels.

Natalizumab-treated Healthy HIV-infected

 MS patients n = 205 blood donors n = 402 Patients n = 95

Clinical data

Mean age (yrs) 37.20 36.37 44.40

Age distribution (%)  

 10.0–19.9 yrs 4.39 4.23 0.00

 20.0–29.9 yrs 22.93 26.62 7.37

 30.0–39.9 yrs 34.63 31.84 26.32

 40.0–49.9 yrs 25.37 25.87 41.05

 50.0–59.9 yrs 12.20 11.44 17.89

 60.0–69.9 yrs 0.49 0.00 7.37

Gender (%)  

 Female 73.17 71.89 15.79

 Male 26.83 28.11 84.21

CD4 cell counts (%) NA NA < 200/µl: 7.37

 200-< 500/µl: 50.53

 ⩾ 500/µl: 42.11

Anti-VZV IgG seropositivity rate (%) 99.02 98.76 96.84

Observation period per individual

 Mean (months) 8.25 6.46 7.08

 Median (months) 7.47 6.00 6.97

 Range (months) 3.97–15.73 5.00–11.00 5.73–9.00

 SD (months) +/– 2.50 +/– 1.25 +/– 0.83

Cumulative observation period

 (yrs) 140.86 216.42 56.04

Incidence of significant (4-fold or higher) rise of anti-VZV IgG antibody levels

 Total frequency (absolute n) 6 0 0

 Incidence per 100 patients (absolute n) 2.93 < 0.25 < 1.05
 Incidence in 100 person-yrs (absolute n) 4.26 < 0.46 < 1.79

HIV: human inmmunodeficiency virus; Ig: immunoglobulin (antibody); MS: multiple sclerosis; NA: not analysed; VZV: varicella-zoster virus; yrs: years.



Multiple Sclerosis Journal 21(14)

1826 http://msj.sagepub.com

further SERION ELISA Classic kits, including tests 
for IgM responses. Overall IgG levels were deter-
mined by nephelometry in a commercial clinical 
laboratory.

Statistical analysis
Testing for equality of populations with regard to the 
incidence of significant rises of anti-VZV IgG anti-
body reactivity was performed with Fisher’s exact 
test, at a global significance level of 0.05. We did an 
adjustment of significance level for the multiplicity of 
tests, using the Holm-Bonferroni correction.

Results
Paired serum samples of 205 natalizumab-treated MS 
patients (Nat-MS group), 402 healthy blood donors 
(HD group) and 95 HIV-infected patients (HIV group) 
were analysed for anti-VZV IgG levels. Baseline char-
acteristics (age and gender distribution; observation 
period per individual, i.e. intervals of paired serum 
samples, and cumulative observation period; and for 
HIV-infected patients, additional CD4 cell count distri-
bution as a marker of immune status) per group are 
shown in Table 1. Due to the retrospective approach, 
the observation period per individual was slightly dif-
ferent per group, namely 8.3 +/– 2.5 months for the 
Nat-MS group, 6.5 +/– 1.3 months for the HD group 
and 7.1 +/– 0.8 months for the HIV group, respectively. 
This minor difference in observation periods should 
not affect the conclusions drawn from this study, since 
anti-VZV IgG levels are stable over years.28

For healthy blood donors, age- and gender-matching 
to natalizumab-treated MS patients was performed 
(Table 1); however, the epidemiology of MS and HIV 
infection reflected in the composition of the respec-
tive national disease networks is highly divergent  
in Germany also leading to differences in gender  
distribution.31,32 Thus, the HIV group differed from 
the Nat-MS group, as we received samples represent-
ative of the composition of the German Competence 
Network for HIV/AIDS.

Overall, we observed a VZV seropositivity rate of 
97–99%. In 205 natalizumab-treated MS patients, we 
detected six significant rises of anti-VZV IgG levels 
over a cumulative observation period of 141 person-
years. As a consequence, the incidence rate was 2.93 
per 100 patients and 4.26 per 100 person-years (Table 
1 and Figure 1). In contrast, no significant rises of 
anti-VZV IgG levels were detected in both our control 
groups (HD and HIV), indicating an incidence of < 
0.46 per 100 person-years for the HD group (216 

cumulative observation years) and < 1.79 per 100 
person-years for the HIV group (56 cumulative obser-
vation years), respectively. Thus, significant rises of 
anti-VZV IgG levels occurred at least 9.3-fold and 
2.4-fold more frequently in the study’s natalizumab-
treated MS patients, compared to healthy blood 
donors and HIV patients, respectively.

The incidence of significant rises of anti-VZV IgG 
levels per 100 person-years in the Nat-MS group dif-
fered significantly from the one in the HD group (p = 
0.0036, at a Bonferroni-Holm-adjusted significance 
level of 0.0167, corresponding to a global signifi-
cance level of 0.05). We did not observe a statistically 
significant difference between the Nat-MS group and 
the HIV group (p = 0.1303), presumably due to the 
smaller size of the HIV group.

For the six patients with a significant rise of the 
anti-VZV IgG levels, additional laboratory tests 
were performed (Table 2). Determination of anti-
VZV IgM antibody levels showed negative results, 
arguing against primary VZV infections. To 
exclude a potential polyclonal B-cell activation, 
which may also lead to rises of antibody levels, we 
determined anti-cytomegalovirus (CMV) IgG, 
anti-HSV IgG and overall IgG levels. The overall 
IgG levels remained stable within the normal range 
for all six patients, with a slight increase in three 
cases (maximum: 1.4-fold) and a slight decrease in 
the other three cases. There was no significant rise 
of anti-CMV nor anti-HSV IgG levels in patients 
with anti-CMV IgG positive (Nat-MS no. 76) or 
anti-HSV IgG positive first serum samples 
(Nat-MS nos. 55, 58 and 197); however, serocon-
version for anti-HSV IgG occurred in two of the 
initial anti-HSV IgG negative samples (Nat-MS 
nos. 33 and 76) and the second samples from these 
patients also became positive for anti-HSV IgM.

For four of the six patients with a significant rise of 
anti-VZV IgG antibody levels, additional clinical data 
could be obtained (Table 2). Interestingly, none of 
these four patients developed herpes zoster or other 
clinical manifestations of VZV infection during the 
time interval from the first to the second serum sam-
pling. We also screened medical records for potential 
confounding factors during this time interval, includ-
ing application of immunosuppressive or immu-
nomodulatory drugs other than natalizumab, VZV 
vaccination and the existence of diseases leading to 
immunosuppressive conditions other than MS. 
Confounding factors were excluded in three of four 
cases; while in one case, the patient had received ster-
oid pulse therapy during the observation period.
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Discussion
As the incidence of clinically-relevant neurotropic 
herpesvirus infections is low, studies for defining sus-
ceptibility to these infections in differently-treated 
MS patients require large patient cohorts to reach sta-
tistical significance. To overcome this limitation, we 
intended to implement serological detection of her-
pesvirus infections using a significant rise in IgG lev-
els, in serial serum samples, as a diagnostic criterion; 
supposing that susceptibility to herpesvirus infections 
can be measured with higher sensitivity by a serologic 
follow-up than by a clinical follow-up. We chose to 
monitor with anti-VZV IgG antibodies, because of 
their high seroprevalence and because of the notion 
that VZV reactivation, in contrast to HSV reactiva-
tion,33 is frequently accompanied by significant rises 
of anti-VZV IgG levels.

Although the use of rises of anti-VZV IgG levels may 
be limited for the diagnosis of herpes zoster, due to 
the fact that the first serum sample is taken too late 
after the onset of a rash,34 this should not bias 

the present study, as our serum samples were taken 
independently of clinical symptoms of herpes zoster. 
We assessed rises of 4-fold or higher as significant, 
which is in line with recommendations.29,30 Whereas 
significant rises occur in about 85% of herpes zoster 
cases,35,36 the magnitude and duration of the antibody 
responses vary individually. Interestingly, higher anti-
body titers seem to be associated with increased her-
pes zoster severity; and therefore, also correlate with 
age.37 In general, anti-VZV antibody levels increase 
rapidly after a herpes zoster onset, reaching multifold 
higher values at week 3 (about 15-fold higher com-
pared to pre-rash values and 5-fold higher, compared 
to values at 1 week in unvaccinated individuals), 
decreasing at week 6 and over the following months, 
and plateau during the next 2 years.37

The observed VZV seropositivity rate of 97–99% was 
within the previously-published range.23 In the natali-
zumab-treated MS patients, a strikingly high incidence 
of significant rises of anti-VZV IgG levels was 
observed: 4.26 cases per 100 person-years. This opens 

Figure 1. Fold changes in anti-VZV IgG levels.
We determined the anti-VZV IgG levels of natalizumab-treated MS patients, healthy blood donors and HIV-infected patients at baseline 
and after 6–8 months, using ELISA. The change in antibody level is given as ratio of values at the second and first serum sampling 
points (black symbols, 1 per paired serum sample). A significant rise of 4-fold or higher (highlighted by grey background) of anti-VZV 
IgG antibody levels indicated there was a VZV reactivation or VZV reinfection, comprising both symptomatic and subclinical events.
While six natalizumab-treated MS patients (n = 205) showed a significant rise of anti-VZV antibody levels, no significant rise occurred 
in the HC group (n = 402) nor HIV group (n = 95).
ELISA: enzyme-linked immunosorbent assay; HC: healthy control; HIV: human immunodeficiency virus; IgG: immunoglobulin or 
antibody Type G; MS: multiple sclerosis; VZV: varicella-zoster virus



Multiple Sclerosis Journal 21(14)

1828 http://msj.sagepub.com

the possibility of comparing the incidence of such 
rises in MS patients treated with different DMDs, to 
explore potential differences between drug regimens. 
In addition, the incidence of significant rises of anti-
VZV IgG levels was at least 9.3-fold higher than in 
age- and gender-matched healthy blood donors, sug-
gesting that in natalizumab-treated MS patients, the 
immune control of VZV is reduced and the risk of 
viral reactivation enhanced. If this proposed higher 
susceptibility of natalizumab-treated MS patients to 
VZV is confirmed in further studies, this might have 

therapeutic consequences, e.g. VZV vaccination in the 
case of seronegativity, as is already recommended for 
fingolimod treatment, or acyclovir prophylaxis, as 
already recommended for alemtuzumab treatment.

Potential confounding factors which might lead to 
increased susceptibility to VZV in natalizumab-treated 
MS patients were also considered by screening the 
patients’ medical records (immunosuppressive condi-
tions other than MS, immunosuppressive or immu-
nomodulatory treatment besides natalizumab or VZV 

Table 2. Overview of the six individuals with a significant rise of anti-VZV IgG levels.

Group and Patient number Nat-MS 
no. 33

Nat-MS 
no. 55

Nat-MS 
no. 58

Nat-MS 
no. 76

Nat-MS 
no. 173

Nat-MS 
no. 197

Gender M M F F F F

Age (yrs) 16.5 30.8 29.0 25.4 25.6 25.4

Observation period (months) 14.5 10.3 13.9  8.5  6.7  8.0

Anti-VZV IgG (mIU/ml)a  

 1st sample 384 594 118 997 1032 192

 2nd sample 7660 128,500 828 4670 6950 1656

Anti-VZV IgMb  

 1st sample neg neg neg neg neg neg

 2nd sample neg neg neg neg neg neg

Anti-HSV IgG (U/ml)c  

 1st sample neg 797 514 neg neg 251

 2nd sample 239 872 531 122 neg 237

Anti-HSV IgMb  

 1st sample neg neg pos neg neg neg

 2nd sample pos neg pos pos neg neg

Anti-CMV IgG (PEI-U/ml)d  

 1st sample neg neg neg 240 neg neg

 2nd sample neg neg neg 252 neg neg

Overall IgG (mg/dl)e  

 1st sample 1090 1430 766 1310 1220 610

 2nd sample 925 1400 874 1550 1140 840

Herpes zoster manifested during 
observation period

no no NA NA no no

Potential confounding factors 
during observation period

 

 VZV vaccination no no NA NA no no

 Relapse therapy no no NA NA no yesf

  Other diseases that lead to 
conditions of immunosuppression

no no NA NA no no

aReferenced to the WHO Standard, detection limit: 50 mIU/ml.
bQualitative assay, detection limit: 10 U/ml for anti-VZV IgM and 20 U/ml for anti-HSV IgM.
cReferenced to a standard serum provided by the instructor, detection limit: 20 U/ml.
dReferenced to the national CMV IgG reference serum of the Paul Ehrlich Institute (Germany), detection limit: 25 PEI-U/ml.
eNormal range for adults: 700–1600 mg/dl.
fPatient received steroid pulse therapy before the first and second sampling.
CMV: cytomegalovirus; dl: decilitre; F: female gender; HSV: herpes simplex virus; Ig: antibody or immunoglobulin of type G or M; 
IU: international units; M: male gender; ml: mililiters; MS: multiple sclerosis; NA: data not available; Nat: natalizumab; PEI: Paul  
Ehrlich Institute; VZV: varicella-zoster virus; WHO: World Health Organisation; yrs: years
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vaccination during the observation period). While we 
could exclude these confounding factors in three of the 
four cases for which clinical data were available, one 
patient received steroid pulse therapy in addition to 
natalizumab treatment during the observation period, 
which may have contributed to the VZV reactivation or 
reinfection in this patient. Furthermore, two of the six 
rises in anti-VZV IgG antibody levels were accompa-
nied by a seroconversion of anti-HSV IgM and IgG 
antibodies. As up to one-third of all primary HSV infec-
tions show a heterotypic antibody response to VZV,30 
the rise of anti-VZV IgG levels in these two patients 
may be attributable to a primary HSV infection, rather 
than reactivation of or reinfection with VZV.

Because primary HSV infections leading to significant 
rises of anti-VZV IgG antibody levels were not 
observed in the HD group, this may also suggest an 
increased exposure or susceptibility of natalizumab-
treated MS patients to HSV; however, a recent primary 
VZV infection can be excluded, as the six patients with 
a significant rise of the anti-VZV IgG levels were anti-
VZV IgM negative, whereas IgM is detectable in 100% 
of convalescent sera from patients with varicella, for 
about 3 months from the onset of the illness.34 In herpes 
zoster cases, anti-VZV IgM can be found in 30–40%, 
usually with lower magnitude and shorter duration,35, 36 
implying that the negative IgM results observed in our 
study do not rule out VZV reactivation nor reinfection, 
especially as serum samples were taken independently 
of clinical symptoms of herpes zoster. Besides, a posi-
tive IgM test could not have been used to distinguish 
reliably between primary and recurrent VZV infection. 
In addition, polyclonal B-cell activation could theoreti-
cally account for the rise of anti-VZV IgG levels, 
because the number of immune cells and particularly B 
cells in peripheral blood was shown to increase under 
natalizumab treatment, as a result of leucocyte transmi-
gration inhibition and/or lymphocyte release from the 
bone marrow.4 Nevertheless, for the six patients with a 
significant rise of the anti-VZV IgG levels, a general 
polyclonal B-cell activation is unlikely, as there was no 
significant increase in overall IgG levels.

Although there are a number of case reports suggest-
ing overrepresentation of symptomatic HSV and VZV 
infections in natalizumab-treated MS patients,15–21 
valid data on the incidence of symptomatic HSV or 
VZV reactivation in MS patients with and without 
natalizumab treatment are not available; therefore, it 
is presently not possible to link the increased inci-
dence of significant rises of anti-VZV IgG levels with 
an increased risk of symptomatic VZV reactivation or 
reinfection. At least for four of the six patients, the 
rise of anti-VZV IgG levels was not accompanied by 

herpes zoster nor other clinical symptoms of VZV 
disease, indicating subclinical reactivation or reinfec-
tion in these cases. Evidence of subclinical reactiva-
tion of VZV was previously obtained by measuring 
significant rises of anti-VZV IgG levels after house-
hold exposure of seropositive individuals (reviewed 
in Quinlivan and Breuer)24; by detection of VZV 
DNA, in patients with malignancies without clinical 
symptoms of VZV disease38; and by intrathecal syn-
thesis of anti-VZV antibodies in the absence of a his-
tory of herpes zoster, in HIV-infected individuals.39

In a long-term longitudinal study, with a follow-up of 
45 healthy subjects for up to 26 years, it was observed 
that there were rises of anti-VZV antibody levels by 
more than 2-fold, with an incidence of 1.6 events per 
100 person-years.28 This incidence is about 4-fold 
lower than the incidence of at least a 2-fold rise in 
anti-VZV antibody levels that we observed in the 
Nat-MS group (6.39 per 100 person-years). 
Interestingly, only 20% of antibody titer increases 
were accompanied by a clinical manifestation of her-
pes zoster,28 indicating a higher sensitivity of sero-
logic follow-up, as compared to clinical follow-up, 
for determining the rate of VZV reactivation or rein-
fection events and supporting our approach.

Despite an increased risk of herpes zoster in HIV-
infected patients, we did not detect rises of anti-VZV 
IgG levels in this group. Probably this finding is attrib-
uted to the comparably small group size (n = 95): 
Because we cover a cumulative observation period of 
only 56 person-years, our finding corresponds to an 
incidence of < 1.79 per 100 person-years, which is still 
in line with the literature reporting herpes zoster inci-
dences of 0.9–1.7 per 100 person-years in the current 
antiretroviral therapy era.26,27 Furthermore, we cannot 
exclude that a pronounced immunodeficiency in this 
group may blunt rises of anti-VZV IgG levels, in 
response to VZV reactivation.

One limitation of this study was its retrospective 
approach, which restricted the selection of study groups 
to the availability of stored serum samples. Hence, we 
compared natalizumab-treated MS patients to healthy 
blood donors and HIV-infected patients, while untreated 
MS patients and MS patients under other treatment regi-
mens could not be tested, so far: Further studies are 
required to finally answer the question whether the 
observed higher frequency of anti-VZV antibody 
increases in natalizumab-treated MS patients, in com-
parison to healthy blood donors, is attributed to MS dis-
ease or to natalizumab treatment. Additionally, for 
further comparison, patients with immunosuppressive 
or immunomodulatory treatment for other autoimmune 



Multiple Sclerosis Journal 21(14)

1830 http://msj.sagepub.com

diseases (e.g. inflammatory bowel disease or rheuma-
toid arthritis) should be included.

In conclusion, our data from a retrospective natali-
zumab-treated MS cohort add to the growing notion 
that natalizumab treatment of MS might be associ-
ated with an elevated risk of VZV reactivation or 
reinfection. Monitoring of anti-VZV IgG levels 
could be a useful tool to determine and compare sus-
ceptibility to VZV reactivation and reinfection, in 
different patient groups, with higher sensitivity than 
by monitoring of symptomatic VZV infections. 
Additional studies confirming the expected correla-
tion between the incidence of significant rises of 
anti-VZV IgG levels and the risk of symptomatic 
herpes zoster are warranted.
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