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Abstract
Purpose of Review Multiple sclerosis (MS) is an autoimmune
demyelinating disease of the central nervous system most of-
ten characterized by clinical relapses and periods of remission.
Recent Findings The past decade has seen a dramatic increase
in disease-modifying therapies for MS. Fourteen FDA-
approved immunomodulatory drugs are currently available,
and more medications are in development. A growing number
of reported opportunistic infections, including progressive
multifocal leukoencephalopathy (PML), highlight the serious
complications of these new drugs and the need for specific
screening guidelines.
Summary Using data from Phase II and III randomized con-
trolled trials, case reports, drug manufacturing data, and clin-
ical experience, we outline the most common and serious
infections associated with novel MS therapies.

Keywords Immunomodulators . Opportunistic infections .

Multiple sclerosis . Progressivemultifocal
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Introduction

Multiple sclerosis (MS) is an autoimmune demyelinating dis-
ease of the central nervous system (CNS) characterized by

clinical relapses and periods of remission. The past decade
has seen a dramatic increase in disease-modifying therapies
for MS. Fourteen FDA-approved immunomodulatory drugs
are currently available, and more medications are in develop-
ment. The growing drug armamentarium allows providers to
accommodate patient preference and to potentially achieve
disease suppression. Nevertheless, infections represent serious
complications of most intravenous and oral MS drugs. The
data regarding infection risk derives from Phase II and III
randomized controlled trials (RCT), post-marketing analyses,
and case reports. The full spectrum of infectious complica-
tions may be unrecognized until months or years after drug
approval. We highlight the known frequent and life-
threatening infections associated with new MS therapies from
the past decade. Where data is available, we discuss drug-
specific monitoring and infection risk stratification for MS
patients.

Intravenous Therapies

Natalizumab (Tysabri®)

Natalizumab is an intravenously administered, humanized
monoclonal antibody approved for patients with relapsing re-
mitting MS (RRMS) or Crohn’s disease. Natalizumab blocks
the alpha-4 integrin on the surface of lymphocytes, preventing
adherence to vascular cell adhesion molecule-1 (VAM-1) and
inhibiting transmigration of activated T cells across the blood
brain barrier [1]. By blocking transmural signaling, the drug
also induces cellular apoptosis and reduction of peripheral T
cell populations [2].

Natalizumab was the subject of two large randomized con-
trolled trials that showed at least 60% reduction in annual MS
relapse rates and over 80% decrease in MRI activity [3, 4].
Compared to placebo, systemic infections, such as urinary
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tract infections, lower respiratory tract infections, gastroenter-
itis, and tonsillitis were more common in the natalizumab arm,
but did not reach statistical significance [3]. Subsequent re-
search revealed that oral herpes outbreaks are three times more
prevalent in MS patients treated with natalizumab compared
to patients on other medications [5]. Case reports suggest a
predisposition to CNS herpes simplex virus (HSV) [6–8] and
varicella zoster virus (VZV) [8–10] infections.

Rarely, patients on natalizumab have acquired severe pro-
tozoan and fungal infections, requiring drug cessation
[11–13]. A 27-year-old man who received natalizumab infu-
sions over 10 months developed decreased visual acuity and
floaters secondary to ocular toxoplasmosis [11]. His symp-
toms improved after initiation of appropriate antibiotic thera-
py. In a case report of cryptococcal meningitis, a 49-year-old
man with RRMS on therapy for 2 years presented with head-
aches and vomiting [13]. Despite recovery with amphotericin
and flucytosine, he acquired severe neurologic comorbidity
from MS disease reactivation. Aside from natalizumab expo-
sure, neither patient had obvious risk factors for opportunistic
infections.

Natalizumab’s signature infectious complication is PML,
in which reactivated JC polyomavirus destroys oligodendro-
cytes, causing CNS demyelination and progressive neurologic
deterioration. Reports of natalizumab-associated PML first
arose in 2005 [14–16]. These findings prompted the drug’s
withdrawal from the market. The manufacturer later
reintroduced it with more restrictive guidelines after investi-
gators retrospectively evaluated thousands of patients enrolled
in the original natalizumab trials and discovered no new cases
of PML [17].

Natalizumab’s predisposition to PML is likely multifacto-
rial. By disrupting T cell trafficking, natalizumab impairs
immunosurveillance within the CNS and enables JCV prolif-
eration [18]. Natalizumab also alters transcription of genes
involved in B cell differentiation and maturation [19]. Since
JCV lies dormant in B cell precursors, the drug may promote
mobilization of infected cells from the bone marrow into the
periphery [20, 21].

As of September 2016, the drug manufacturer has an-
nounced 685 confirmed PML cases, of which 23% were fatal
[22]. The overall PML incidence is currently estimated at 4.2/
1000 patients [22]. Recent attempts to classify PML risk rely
on the presence or absence of JCV seropositivity, natalizumab
duration ≥24 months, and prior immunosuppressant use [23].
Having all three risk factors confers an approximately 1/100
chance of developing PML [24]. Guidelines recommend fur-
ther stratifying patients with no prior immunosuppressant use
into low, intermediate, and high-risk groups based on an anti-
body index ≤0.9, 0.9–1.5, or >1.5 [25, 26••]. These values
bestow a 0.1/1000, 0.1/1000, or 1/1000 risk within the first
24 months and a 0.3/1000, 1.2/1000, or 8.1/1000 risk between
25 and 48 months, respectively [25]. Regardless of the exact

JCV titer, patients in the highest risk category should have
more frequent MRI surveillance for PML and consider alter-
native therapies after 2 years [26••].

PML treatment requires rapid drug removal and immune
recons t i t u t ion wi th p la smaphe re s i s (PLEX) or
immunoabsorption [27]. Almost all patients develop an im-
mune reconstitution inflammatory syndrome (IRIS), charac-
terized by clinical exacerbations or enlargingMRI lesions that
are difficult to distinguish from PML progression. JCV may
be detectable in the CSF for months to years after IRIS, man-
dating continued vigilance for new symptoms [28]. As our
detection and treatment of natalizumab-associated PML im-
proves, we expect the rates of fatal JCV infection to decline.

Rituximab (Rituxan®)

Rituximab is a chimeric anti-CD20 monoclonal antibody that
targets and depletes B cell lymphocytes, thereby indirectly
inhibiting T cell activation and pro-inflammatory cytokine ex-
pression [29]. Rituximab is approved for the treatment of B
cell lymphomas and rheumatoid arthritis (RA) and has off-
label use in MS. The risk of systemic infections is low. In a
randomized controlled Phase II trial for RRMS, investigators
found no difference in the incidence of infections among the
rituximab and placebo cohorts [30]. A Phase II/III study of
patients with primary progressiveMS (PPMS) revealed slight-
ly higher rates of pneumonias, urinary tract infections, and
cellulitis, in those receiving rituximab (4.5%) vs. placebo
(1.0%) [31]. Since rituximab can reactivate chronic hepatitis
B virus (HBV), guidelines recommend checking HBV serol-
ogies prior to treatment [32].

To date, there have been no reported cases of PML in MS
patients on rituximab. However, the overall incidence of PML
is approximately 1/4000 and 1/25,000, among those treated
for systemic lupus erythematosis (SLE) and RA, respectively
[33, 34]. Among 57 non-HIV patients who developed PML
after exposure to rituximab, 90% had lymphoproliferative dis-
orders [35]. Notably, those affected had chronic lymphopenia
and prior immunosuppressant exposure, risk factors that are
generally absent in MS patients [36]. Compared to other dis-
eases, our experience with rituximab in the MS population is
limited, so wemay not know the full extent of PML until years
after treatment onset.

PML’s pathogenesis with rituximab administration is un-
clear. Depletion of B lymphocytes may trigger peripheral mo-
bilization of premature lymphocytes infected with latent neu-
rotropic JCV [33]. Indirect impairment of the T cell immune
response may also facilitate viral replication in the CNS [36].
In general, PLEX has limited efficacy with rituximab since
CD20 counts remain suppressed up to 6–9 months after treat-
ment [33]. However, since rituximab is detectable in the serum
for up to 2 months after administration, PLEX may be useful
in patients who develop PML early into therapy [34].

7 Page 2 of 8 Curr Infect Dis Rep (2017) 19: 7



Ocrelizumab (Ocrevus®)

Recently, the FDA granted ocrelizumab, a humanized anti-
CD20 antibody, “breakthrough therapy designation,” to expe-
dite drug review and approval by the end of 2016 [37]. With
its humanized backbone, ocrelizumab is potentially less im-
munogenic and more effective than rituximab [38].
Ocrelizumab is currently under investigation for treatment of
RRMS and PPMS. In a Phase II, randomized, placebo-
controlled multicentre trial, the rates of serious infections were
comparable among the ocrelizumab and placebo groups [39].
Unpublished Phase III trials have yielded similar safety anal-
yses without reports of PML or other opportunistic infections
[40, 41].

Ocrelizumab has a different safety profile in studies for
systemic rheumatological conditions. Investigators terminated
Phase III trials for RA and SLE early due to a higher incidence
of opportunistic infections, such as Pneumocystis jiroveci
pneumonia, cytomegalovirus pneumonia, pulmonary tubercu-
losis, atypical mycobacterial infections, and systemic candidi-
asis in the treatment arms [42, 43]. The disparity between the
data for MS and systemic rheumatological conditions may
derive from a lower ocrelizumab dose in the former trials
and adjuvant immunosuppressants in the latter studies [29].
If and when ocrelizumab receives FDA approval, we expect to
learn more about the specific infectious complications in MS.

Alemtuzumab (Lemtrada®)

Alemtuzumab, a monoclonal antibody approved for RRMS,
lymphoproliferative disorders, and graft versus host disease,
binds to CD52 on T cells, B cells, thymocytes, and natural
killer cells, resulting in cell lysis and lymphocyte depletion
for up to 16 months post infusion [44]. Repopulation of reg-
ulatory T lymphocyte subsets may cause long-standing in-
flammatory suppression [45]. In the Phase III trials for
RRMS, CARE-MS I, and CARE-MS II, higher infection rates
occurred in the alemtuzumab group compared to the interfer-
on beta-1a cohort [46, 47]. Infections were predominantly
mild or moderate in severity and involved the upper respira-
tory and urinary tracts. Mucocutaneous Candida infections
were significantly more common in the population receiving
the study drug [47, 48].

Herpesvirus infections, most often cutaneous, occurred in
16 and 2% of patients treated with alemtuzumab and interfer-
on beta 1a, respectively [46]. Serious VZV infections led to
hospitalization in two patients [47]. Consequently, the inves-
tigators amended the Phase III trial protocol to include oral
acyclovir prophylaxis from drug infusion to day 28. The drug
package insert now recommends antiviral prophylaxis for a
minimum of 2 months following treatment or until CD4+
lymphocyte count is ≥200 cells/μL [48]. Providers should also

test patients for VZV antibodies and consider VZV vaccina-
tion for non-immune individuals 6 weeks prior to therapy.

Among the non-MS patient population, alemtuzumab is
associated with an increased incidence of HHV-6 encephalitis,
systemic cytomegalovirus (CMV) infection, toxoplasmosis,
Pneumocystis jirovcei pneumonia, and PML [49–51]. Lower
doses of alemtuzumab and lack of adjuvant immunosuppres-
sant exposure may account for the relative absence of PML
cases and other opportunistic infections in the MS patient
cohort. Nevertheless, emerging cases of Listeria meningitis,
active tuberculosis, and nocardiosis have raised safety con-
cerns [47, 52, 53]. The manufacturer now advises patients to
avoid dietary sources of Listeria monocytogenes, such as deli
meat and unpasteurized dairy products [48]. Physicians
should also screen patients at risk for tuberculosis before
treatment.

Oral Therapies

Fingolimod (Gilenya®)

Fingolimod, a sphingosine 1-receptor modulator, was the first
oral agent approved for RRMS. The drug prevents lympho-
cytes from exiting lymph nodes and from recirculating within
the blood and CNS [54]. Redistribution of lymphocytes within
lymphatic tissue causes a significant, albeit reversible lympho-
penia. Two large randomized controlled trials, FREEDOMS
and TRANSFORMS, demonstrated a reduction in relapse
rates and MRI disease activity with fingolimod compared to
placebo or interferon-beta [55, 56]. The overall incidence of
infections was similar among treatment groups, although low-
er respiratory tract infections were more common. A retro-
spective analysis showed no definite association between ab-
solute lymphocyte count and incidence of infection [57]. After
2 years of therapy, the rate of serious infections in patients
with chronic lymphopenia (defined as ALC <400 cells/mm3

for ≥60% of lab values over time) was not significantly in-
creased compared to short-term drug therapy [58].

Two pat ients who received f ingol imod in the
TRANSFORMS trial developed fatal viral infections, includ-
ing disseminated varicella zoster virus (VZV) and herpes sim-
plex virus (HSV) encephalitis [55]. Pooled data from all trials
revealed that VZV infections occurred almost twice as fre-
quently in the fingolimod cohorts compared to placebo
[59•]. Fingolimod diminishes the VZV-specific T cell re-
sponse in vitro and correlates with a subclinical VZV reacti-
vation in the saliva [60]. Current guidelines recommend as-
certaining a patient’s VZV immune status and vaccinating
non-immune individuals at least 1 month before treatment
[59•].

Other opportunistic infections, although uncommon, have
raised additional safety concerns. Reports of systemic and
cutaneous cryptococcal infections prompted an updated
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warning to the drug’s prescribing information [61–63]. PML
risk remains uncertain, since antecedent natalizumab therapy
can confound interpretation of new cases. Investigators report-
ed 11 patients diagnosed with PML after switching from
natalizumab to fingolimod, although five patients may have
actually acquired the infection prior to transition. The appro-
priate natalizumab washout period is debatable. Some inves-
tigators have proposed limiting the washout to 8–12 weeks,
given an increase in MS disease reactivation after this time
interval [64]. Nevertheless, as of August 2016, six cases of
PML developed in MS patients without previous natalizumab
treatment and two patients (one definite PML and one proba-
ble PML) had no prior immunosuppressant exposure [65, 66].
The aforementioned individuals had taken fingolimod for over
2 years and did not have a history of grade 4 lymphopenia
(ALC <200 cells/mm3) [66]. No fatalities occurred after stop-
ping fingolimod. Checking JCVantibody status is not current-
ly recommended. Providers should factor immunosuppression
history and antecedent natalizumab therapy, in particular, in
their decision-making.

Teriflunomide (Aubagio®)

Teriflunomide is a dihydroorotate dehydrogenase inhibitor
that blocks pyrimidine synthesis in activated, proliferating T
lymphocytes [67]. Teriflunomide is the active metabolite of
leflunomide, an agent employed for many years in rheumatoid
arthritis. In Phase III trials for RRMS, the incidence of severe
infections was similar among treatment and placebo groups,
although investigators reported three cases of serious pyelo-
nephritis in the high-dose terifluonimde cohort [68, 69]. Based
on over 8 years of follow-up data, neither PML nor other
opportunistic infections have emerged [70]. A case of PML
in a 55-year-old man on leflunomide for SLE has been de-
scribed. This patient had previously received several other
immunosuppressants and had switched from methotrexate
5 months before the onset of PML symptoms [71].

Dimethyl Fumarate (Tecfidera®)

Dimethyl Fumarate (DMF) is a fumaric acid ester that appears
to shift CD4+ Tcell populations from pro-inflammatory, path-
ogenic Th1 subsets to immunomodulatory Th2 subsets [72].
The drug may also act on the NrF2 biochemical pathway and
upregulate antioxidant molecules responsible for neuroprotec-
tion. Prior to the FDA approval of DMF in 2013, fumaric acid
esters treated psoriasis and other immune-mediated diseases.
In the Phase III RCTs for RRMS, DEFINE, and CONFIRM,
the most common adverse events included nasopharyngitis,
urinary tract infections, and upper respiratory tract infections
[73, 74]. The incidence of serious infections was overall low
and similar between placebo and DMF groups [75].

DMF can cause sustained lymphopenia. In the RCTs, mean
lymphocyte counts decreased by approximately 30% during
the first year of treatment, but remained overall stable there-
after [73, 74]. A retrospective study of 221 patients on DMF
revealed that grade 2 (ALC 500–799 cells/mm3) or grade 3
lymphopenia (ALC <500 cells/mm3) developed in 17% of the
total cohort and did not resolve during DMF treatment [76].
Older age (>55), lower baseline ALC, and previous
natalizumab exposure increased the risk of developing mod-
erate to severe lymphopenia. DMF decreases both CD4+ and
CD8+ memory T cells, but preferentially impacts CD8+ lym-
phocytes and Th1 subsets, which are essential for cell-
mediated antiviral immunity [77, 78]. Although monitoring
specific lymphocyte subsets may prevent certain viral compli-
cations, guidelines do not currently advise checking CD4+ or
CD8+ cell levels.

Cases of PML were first identified in association with
fumaric acid esters for psoriasis, and most of the affected
patients had prior immunosuppressant exposure [79–81].
Four MS patients on DMF have since acquired PML, and
three out of the four had sustained lymphopenia during treat-
ment [82•, 83]. The first patient had received the drug for
4 years prior to the diagnosis of PML and ultimately died from
the infection [82•]. She, like two others, had sustained grade 3
lymphopenia [82•, 83]. The fourth case involved a patient
whose ALC dropped quickly to 600 cells/mm3 within the first
13 months, but never declined further [83]. While the role of
lymphopenia in these cases is uncertain, the drug manufactur-
er now recommends obtaining a cell blood count every
6 months and either interrupting or stopping DMF therapy if
ALC falls below 500 cells/mm3 for more than 6 months [84].
ALC recovery is often prolonged. Among nine patients with
grade 3 lymphopenia, their ALCs did not reach normal values
until at least 5 months after drug cessation [76].

Subcutaneous Therapy

Daclizumab (ZinbrytaTM)

Daclizumab is the newest FDA-approved medication for the
treatment of relapsing remitting MS. Originally developed as
a prophylactic agent against solid organ allograft rejection,
this humanized monoclonal antibody selectively targets the
IL-2 receptor and inhibits activated T cell signaling [85].
Subcutaneous daclizumab therapy led to a 50% or more re-
duction in annual MS disease relapse and MRI activity com-
pared to placebo or interferon beta in clinical trials [86, 87].

In a Phase II RCT, the rate of serious infections was 2% in
the daclizumab cohort and 0% in the placebo cohort [86]. A
subsequent Phase III RCT similarly demonstrated that infec-
tions were overall more common with daclizumab than with
interferon beta (65 vs. 57% overall and 4 vs. 2% serious in-
fections) [87]. Infections included at least one case of urinary
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tract infection, pneumonia, appendicitis, and cellulitis. At 3-
year follow-up, the incidence of infections among patients
taking daclizumab remained stable [88]. Less than 1% of in-
dividuals acquired opportunistic complications, such as CMV
infection, pulmonary tuberculosis, and oral/vulvovaginal can-
didiasis. No reports of PML or systemic fungal infections
have surfaced to date.

Conclusions

The novel immunomodulatory therapies provide increasing
opportunities to suppress MS inflammation and improve pa-
tients’ qualities of life. Nevertheless, since most MS drugs
received FDA approval within the last decade, their long-
term safety is unknown. The rising cases of PML, in particu-
lar, illustrate a rare, but devastating, consequence of these
drugs. JCV antibody titers provide an innovative opportunity
to risk stratify patients on natalizumab, but their application to
other medications remains unstudied. While sustained

lymphopenia correlates with PML development in most cases
of patients on dimethyl fumarate, the relationship is less
straightforward in other therapies. The absence of consistent
guidelines provides a predicament for MS providers, who
must counsel patients daily about their drug options and risks.

Fortunately, more recommendations regarding appropriate
screening and infection prophylaxis are available. Many of
the drugs, especially fingolimod and alemtuzumab, predispose
patients to herpesviridae infections. Obtaining VZV immune
status and vaccinating non-immune patients early may prevent
severe cutaneous and systemic zoster infections on these drugs.
Screening for latent TB and chronic HBV infection, and
treating when present, are also essential tasks. Providers have
a responsibility to ensure that basic immunizations are up to
date before initiating any disease-modifying therapy (Table 1).

In summary, the infectious complications of the novel MS
therapies can be serious and life-threatening, requiring special
vigilance and recognition on the part of providers.
Opportunistic infections, although infrequent, pose significant
obstacles to patients, who face the dilemma of switching from

Table 1 Mechanisms of action and infectious complications of MS disease-modifying therapies

Drug name Mechanism of action Potential infectious complications

Intravenous therapies

Natalizumab • Inhibits lymphocyte transmigration into the CNS
• Induces T cell apoptosis

• PMLb

• Herpesvirusesb

• Ocular toxoplasmosis
• Cryptococcal meningitis

Rituximab • Depletes CD20 B cells
• Impairs humoral immune response and T cell activation

• Systemic bacterial infectionsb UTI, pneumonia, cellulitis
• PMLa

Ocrelizumab • Same as rituximab • Pneumocystis jiroveci, CMV pneumonia, pulmonary
tuberculosis, atypical mycobacterial infections, systemic
candidiasisa

Alemtuzumab • Depletes CD52 containing immune cells
• Early and selective reconstitution of T reg lymphocytes

contributes to prolonged inflammatory suppression

• Herpesvirusesb

• Mucocutaneous candidiasisb

• Listeria meningitis
• Tuberculosis
• Nocardiosis
• HHV6 meningitis, CMV infections, Pneumocystis jiroveci, PMLa

Oral therapies

Fingolimod • Sphingosine-1 receptor modulator
• Inhibits lymphocyte egress from lymph nodes

• Herpesvirusesb

• PMLb

• Cryptococcal meningitis, disseminated cryptococcus

Teriflunomide • Inhibits pyrimidine synthesis in rapidly dividing
lymphocytes

• PMLa

Dimethyl
Fumarate

• Upregulates antioxidant molecules in Nrf2 pathway.
• Shifts T cell response from Th1 to Th2 subsets

• PML

Subcutaneous therapy

Daclizumab • IL-2 receptor antagonist
• Inhibits T cell activation

• Systemic bacterial infectionsb UTI, pneumonia, cellulitis,
appendicitis

CNS central nervous system, PML progressive multifocal leukoencephalopathy, UTI urinary tract infection, CMV cytomegalovirus, HHV6 human
herpesvirus 6
a Not reported in MS
b Frequently reported complications
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an effective medication to a safer, albeit less potent alternative.
The distinct drug mechanisms and pharmacokinetic profiles
highlight the need for specific disease-monitoring criteria.
Until then, physicians should account for a patient’s age, prior
immunosuppressant exposure, current immune status, and du-
ration of therapy in their decision-making and screening.
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