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Abstract Demonstration of survival and outcome of progres-
sive multifocal leukoencephalopathy (PML) in a 56-year-old
patient with common variable immunodeficiency, consisting
of severe hypogammaglobulinemia and CD4+ T
lymphocytopenia, during continuous treatment with
mirtazapine (30 mg/day) and mefloquine (250 mg/week) over
23 months. Regular clinical examinations including Rankin
scale and Barthel index, nine-hole peg and box and block
tests, Berg balance, 10-m walking tests, and Montreal Cogni-
tive Assessment (MoCA) were done. Laboratory diagnostics
included complete blood count and JC virus (JCV) concentra-
tion in cerebrospinal fluid (CSF). The noncoding control re-
gion (NCCR) of JCV, important for neurotropism and
neurovirulence, was sequenced. Repetitive MRI investigated
the course of brain lesions. JCV was detected in increasing
concentrations (peak 2568 copies/ml CSF), and its NCCR was
genetically rearranged. Under treatment, the rearrangement
changed toward the archetype sequence, and later JCV DNA
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became undetectable. Total brain lesion volume decreased
(8.54 to 3.97 cm®) and atrophy increased. Barthel (60 to 100
to 80 points) and Rankin (4 to 2 to 3) scores, gait stability, and
box and block (7, 35, 25 pieces) and nine-hole peg (300, 50,
300 s) test performances first improved but subsequently
worsened. Cognition and walking speed remained stable. De-
spite initial rapid deterioration, the patient survived under con-
tinuous treatment with mirtazapine and mefloquine even
though he belongs to a PML subgroup that is usually fatal
within a few months. This course was paralleled by JCV
clones with presumably lower replication capability before
JCV became undetectable. Neurological deficits were due to
PML lesions and progressive brain atrophy.
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Introduction

Progressive multifocal leukoencephalopathy (PML) is caused
by JC polyomavirus (JCPyV or JC virus (JCV)) infection of
the central nervous system. PML risk factors are HIV infec-
tion, immunosuppressive therapy after organ and stem cell
transplantation, and immunomodulatory agents used in the
treatment of autoimmune disorders (Steiner and Berger
2012; Weber 2008; Gheuens et al. 2011; Bellizzi et al. 2013).

JCV can have a strong neurotropism, not only lytically
infecting oligodendrocytes and, to a lesser extent, astrocytes,
but can also spread to gray matter (Bellizzi et al. 2013; Elphick
et al. 2004; Wiithrich and Koralnik 2012). JCV enters cells via
N-linked glycoprotein with «~(2,6)-linked sialic acid and the
serotoninergic 5-HT-2A receptor, two components of a puta-
tive JCV receptor. JCV is internalized with the 5-HT-2A re-
ceptor by clathrin-mediated endocytosis (Bellizzi et al. 2013;
Elphick et al. 2004). The archetype JCV is not associated with
PML. Increased virulence and neurotropism of JCV are asso-
ciated with genetic rearrangement mainly in its hypervariable
noncoding control region (NCCR) (Bellizzi et al. 2013). The
NCCR of the archetype JCV contains a bidirectional promot-
er, the viral origin of replication, enhancers, and six regions
termed box A to F which contain binding sites for host tran-
scription factors and the viral large T antigen. The NCCR is
involved in virus replication, and its genetic rearrangement
has been associated with poor PML outcome (Bellizzi et al.
2013; Hirsch et al. 2013). Impairment of the host immune
system with CD4+ and CD8+ T lymphocytopenia, NCCR
rearrangement, activation/upregulation of transcription factors
binding to recombined NCCR, and migration of JCV—freely
or via B lymphocytes—are conditions that, in combination,
will lead to PML (Bellizzi et al. 2013).

As yet, no specific treatment exists against JCV. Of the
several compounds tested, we would like to focus on
mirtazapine and mefloquine. Mirtazapine can pass the
blood-brain barrier (BBB) and inhibits central noradrenergic,
serotoninergic, and histaminergic receptors. Its binding to the
5-HT-2A receptor is believed to block JCV entry into cells
(Elphick et al. 2004). Mefloquine equally passes the BBB
and is believed to accumulate in the brain in significantly
higher concentrations than in plasma due to its long plasma
half-life, lipophilicity, and inhibition of an ATP-binding cas-
sette (ABC) transporter called multidrug resistance protein 1
(MDR-1) that is an efflux pump at the BBB. Mefloquine’s
assumed anti-JCV activity is inhibition of DNA replication
by binding to the T antigen, a JCV helicase (Brickelmaier
et al. 2009). PML treatment with mirtazapine or mefloquine
was mainly described in patients with HIV, organ transplant,
dermatomyositis, polycythemia vera, sarcoidosis, systemic lu-
pus erythematosus, and idiopathic CD4+ T lymphocytopenia
(Loyaga-Rendon et al. 2013; Delgado-Alvarado et al. 2013;
Hohlfeld et al. 2012; Verma et al. 2007; Vulliemoz et al. 2006;

Beppu et al. 2012; Naito et al. 2012; Clifford et al. 2013;
Cettomai and McArthur 2009). Combined treatment with
mefloquine and mirtazapine has been reported in PML cases
in the context of HIV infection, multiple sclerosis (MS)
(Gheuens et al. 2011; Iannetta et al. 2013; Moenster and Jett
2012; Schroder et al. 2010), and in one seemingly immuno-
competent PML patient (Christakis et al. 2013). One case
series compared the effect of mirtazapine to mirtazapine and
mefloquine in 34 HIV-negative patients with PML (Gheuens
et al. 2011), including nine patients who had hematological
disorders including Waldenstrom macroglobulinemia, com-
mon variable immunodeficiency (CVID), and idiopathic
CD4+ or CD8+ T lymphocytopenia. Combined treatment
did not improve 1-year survival of the 34 patients compared
to mirtazapine alone. Neither survival rate nor presence or lack
of therapeutic effect was presented for the subgroup with he-
matological disorders and, in particular, for the patients with
CVID or idiopathic CD4+ or CD8+ T lymphocytopenia.

CVID encompasses a diagnostic group of approximately
150 different primary immunodeficiencies, which have a com-
mon set of features including hypogammaglobulinemia, but
which have different underlying causes (Salzer et al. 2012).
Late-onset combined immune deficiency (LOCID) is a CVID
subgroup, defined by the additional occurrence of opportunis-
tic infections and/or a CD4+ T cell count < 200 x 10° cells/L
(Malphettes et al. 2009).

The overall 1-year survival rate of HIV-negative PML pa-
tients is around 50 % (Marzocchetti et al. 2009), with dramatic
variations depending on the underlying immunocompromising
disorder. The 1-year survival rate of PML patients with CVID
or LOCID is not well known. HIV-negative PML patients with
CVID or idiopathic CD4+ or CD8+ T lymphocytopenia were
reported to survive at least 1 year under mirtazapine alone or in
combination with mefloquine, but their numbers were not spec-
ified (Gheuens et al. 2011). Further PML cases with constitu-
tive immunodeficiency were reported: three were CVID pa-
tients and three most likely fulfilled (according to us) the
LOCID criteria (Supplementary Table 1) or had Good’s syn-
drome (Squintani et al. 2010). None was treated with
mirtazapine and/or mefloquine, but with different compounds,
or did not receive treatment. Survival was less than 10 months
or not reported.

We present an adult patient with CVID and CD4+ T
lymphocytopenia (i.e., LOCID) who contracted PML and
was treated with mirtazapine and mefloquine since October
2012. His regular follow-up included clinical examination and
measurements of motor performance, cognition, brain lesion
volume, and JCV DNA quantification in cerebrospinal fluid
(CSF). The NCCR of JCV was DNA-sequenced, as it is typ-
ically rearranged in PML with deletion and/or duplication of
archetype sequence elements. This patient is still alive without
active PML signs 23 months after diagnosis, has residual neu-
rological deficits, and has a reasonable quality of life.
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Patient and methods

Our study complies with the Declaration of Helsinki and was
approved by the local ethics committee of Bern. Written in-
formed consent was obtained. The 56-year-old patient was
followed up at ~3 monthly intervals between September
2012 and August 2014, when he was last seen, with general
clinical and neurological examinations, assessments of
Rankin scale and Barthel index (disability, independence in
daily activities), Berg balance test (for static and dynamic
balance abilities), 10-m walking test, Montreal Cognitive As-
sessment (MoCA, cognition), and nine-hole peg and box and
block tests (manual fine and coarse motor skills performed
with right hand under physiotherapist supervision). Laborato-
ry diagnostics included differential blood count; serum protein
electrophoresis; and quantification of IgG, IgM, and IgA con-
centrations, absolute B lymphocyte as well as CD4+ and
CD8+ T lymphocyte counts. From DNA isolated out of
CSEF, (i) the JCV copy number was determined by quantitative
polymerase chain reaction (PCR) and (ii) the NCCR of JCV
was selectively amplified by PCR. PCR products were sepa-
rated on agarose gel, excised, and sequenced as previously
described (Hirsch et al. 2013). Repetitive cerebral MRIs were
performed and segmented manually slice by slice on high-
resolution fluid-attenuated inversion recovery (FLAIR) se-
quences (pulse parameters: TR/TE of 8500/89 ms, TI
2500 ms; matrix size 512 x 512) in order to determine the
cerebral lesion volumes, using a slice thickness of 1 mm®
and the open source Software 3-D Slicer Version 4.2.2.3
(www.slicer.org).

Results
PML diagnosis in September 2012

The patient first noticed persistent diplopia, worse on gaze to
the right shortly after a severe sinusitis in June 2012. Over the
next 2 months, gait disturbance, coordination problems of the
right arm and leg, and severe fatigue appeared.

At first admission in September 2012, neurological exam-
ination showed a complex pretectal syndrome (abduction def-
icit of the right eye, hypotropia and esotropia of the right eye,
and a vertical gaze palsy), mild right-sided hemiparesis (in-
cluding facial palsy), and right-sided hemi-ataxia including
gait ataxia. Cranial MRI (T2-weighted and FLAIR images)
showed hyperintense confluent lesions in the left-sided medial
thalamus, hypothalamus, mesencephalon, and tegmentum
pontis (Fig. 1). Further lesions were found in the colliculus
superior and inferior, medulla oblongata, right gyrus frontalis
medius, and in the right cerebellar hemisphere with the latter
two lesions enhancing with gadolinium (not shown). CSF
contained six mononuclear cells per microliter, protein
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0.61 g/1, glucose 2.85 mmol/l, lactate 1.6 mmol/l, and no
oligoclonal bands. The cytological analysis was negative for
neoplastic cells. Cultures of CSF were negative for general
bacterial growth, Mycobacterium tuberculosis, and Crypto-
coccus neoformans. Serology was negative for various neuro-
tropic bacteria and viruses including HIV. PCR with DNA
from CSF was negative for Mycoplasma pneumoniae,
Tropheryma whipplei, Listeria monocytogenes, Mycobacteri-
um tuberculosis, herpes simplex 1 and 2, varicella zoster, cy-
tomegalovirus, Epstein-Barr virus, enteroviruses, and human
herpesvirus 6 but showed 1167 copies/ml and, a week later,
2568 copies/ml of JCV DNA (Table 1, Fig. 2). Together with
the neurological deficits, the MRI lesion pattern, and the pos-
itive JCV DNA PCR, the diagnosis of PML was established.
The diagnosis of CVID was based on familial severe
hypogammaglobulinemia (his 2 sisters were also affected)
and a history of immune thrombocytopenia (ITP), autoim-
mune hemolytic anemia (AIHA), and pseudo T cell lympho-
ma. The patient first presented with hepatosplenomegaly at
the age of 3 years and was diagnosed with AIHA 2 years later
(Roth et al. 1975). He suffered from lifelong recurrent
sinopulmonary infections. For their efficient prevention, he
was regularly and successfully treated with intravenous im-
munoglobulins (IvIgG). Blood analysis at the time of PML
diagnosis showed hypogammaglobulinemia (IgG 3.19 g/1, un-
der replacement therapy with IvigG 30 g every 4 weeks; [gM
<0.05 g/l; IgA <0.06 g/1), as well as a severe depletion of
CD4+ T (97/ul) and B lymphocytes (0/pl). Our patient be-
longs to the only 10 % of CVID patients with very low B cell
counts. In contrast, the CD8+ T cell count was normal
(Table 1). His immunodeficiency matches the definition of
LOCID. PCR amplification and sequencing of the NCCR of
JCV DNA from September 3, 2012, revealed a genetic rear-
rangement. Four sequences were obtained with a common
signature deletion del(Csy_55D1_¢4) of most of the D box,
starting in the end of the C box (variants V1C120903,
V2C120903, V1C120907, and V2C120907), together with
partial duplications of the sequence boxes A, B, and C where-
as two variants with continuous duplications (V1C121205
and V2C121205) were identified in the last CSF sample with
lower JCV loads (Fig. 2).

The patient’s condition rapidly deteriorated with progres-
sion of right-sided hemiataxia, gait ataxia, pretectal oculomo-
tor syndrome, and onset of dysarthria. In October 2012, we
started treatment with mirtazapine 30 mg daily and meflo-
quine (250 mg daily for 3 days, then 250 mg weekly) and as
of then continued therapy.

Follow-up examinations over the course of 23 months
Between September 2012 and August 2014, the Barthel (60 to

100 to 80) and Rankin (4 to 2 to 3) scores first improved and
then fell to a level still better compared to treatment start. The
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Fig. 1 Brain MRI, depicting axial (a) and coronal (b) fluid attenuated
inversion recovery (FLAIR) sections on different time points: left column
on September 2012, middle column on June 2013, and right column on
September 2013. Note the typical PML affection of midline structures
and subcortical white matter (U fibers) as, e.g., seen in b in the /eff and
middle column, respectively. Also, note shrinking of total lesion volume,

nine-hole peg test (300, 50, 300 s) and the box and block test
(7, 35, 25 pieces during follow-up) showed first an improve-
ment of manual skills and then a deterioration due right-sided
ataxia in this right hander. On the Berg balance test, which was
not accomplishable at the time of diagnosis, the patient scored
independent with a tendency to worsen. His walking speed
over 10 m remained unaltered (1.0-1.25 m/s) (Table 1;
reference ranges for all tests in respective figure legend). B
cell counts were always 0/ul. The hypogammaglobulinemia
(varying IgG concentrations due to monthly IvIigG replace-
ment) and the CD4+/CD8+ T cell counts remained essentially
unchanged (Table 1). In CSF from September 7, 2012, 2568
JCV copies/ml were found with NCCR sequences that still
contained the common signature deletion del/(Csy_s5D1_64)
but different partial duplications of the boxes C, D, and E than
on September 3 (Fig. 2). While under mirtazapine and meflo-
quine for about 2 months, JCV concentration decreased to 363
copies/ml on 5 December 2012. Now, the signature deletion of
box D was lost and a less complex NCCR rearrangement was
found interrupting the continuity of the D box at D35 by
inserting the sequences By 53, C;_s5, and Dy_35 (Table 1,
Fig. 2). JCV DNA was not detectable by PCR as of
March 2013. The patient’s cognitive performance (MoCA)
showed a slight deficit which remained stable (Table 1). Over
the course of 23 months, total brain lesion volume decreased
from 8.54 to 3.97 cm’, as did the midline-lesion volume (hy-
pothalamic, mesencephalic, pontine) from 7.31 to 0.50 cm’.
The midline-lesion volume was assumed to be responsible for
the oculomotor deficit, dysarthria, and the motor symptoms
(Table 1). While the midline-lesion volume decreased upon
treatment initiation, the total lesion volume first increased due
to appearance of new subcortical lesions and then decreased

as well as progressive brain atrophy from middle to right column. L left.
Cerebral MRIs from January, May, and August 2014 are not depicted
because the increase in brain atrophy and decrease in lesion volume
were quantified and given numerically in the “Results” section and
Table 1, respectively

(Table 1, Fig. 1). Brain atrophy visibly increased between
PML onset in September 2012 until September 2013
(Fig. 1). Between September 2013 and August 2014, brain
atrophy further advanced and was quantified by a decrease
in volume of gray matter (735 to 640 cm®, 13 %) and white
matter (436 to 411 cm?, 6 %).

In September 2013, the patient reported ongoing improve-
ment and no treatment side effects. Ambulation was possible
without walking aid for ~1000 m. Hemiparesis, hemiataxia,
and gait ataxia had improved. Dysarthria and the pretectal
syndrome persisted at a stable level. His manual fine and
coarse motor skills showed a tendency to worsen. In January
2014, he contracted community-acquired pneumonia and his
performance could not be tested. Afterward, gait balance,
right-handed manual skills, and dysarthria were worse without
signs of active PML (MRI, CSF). As of then, performance
remained largely stable except for manual fine motor skills
(Table 1).

Discussion

We present a patient meeting definite diagnostic certainty for
PML (Berger et al. 2013) acquired on the basis of CVID,
respectively, an especially severe subcategory, LOCID. The
time point of JCV infection cannot be determined with cer-
tainty: would earlier sera have been available, they might have
been positive for JCV antibodies due to repeated IvigG infu-
sions. Alternatively, even with an earlier infection, they might
have been negative because of a severely defective humoral
immune response caused by the severe B cell depletion. Our
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Fig. 2 Schematic illustration of the JCV archetype noncoding control
region (NCCR) and the rearranged NCCRs found in CSF at indicated
time points. The NCCR of the archetype JCV is presented with six blocks
A-B-C-D-E-F in different colors and with numbers (in brackets)
indicating their size in base pairs. For the rearranged NCCRs, the size

patient was in fact positive for anti-JCV IgG. We believe that
this was rather due to the IvigG infusions.

Our patient is still alive almost 2 years after PML onset and
tolerates well the long-term treatment with mefloquine and
mirtazapine. Clinical improvement, already evident 2 months
after treatment initiation, was paralleled by the reduction of
the midline-lesion volume, while the total lesion volume in-
creased up to the fourth treatment month due to the appear-
ance of new lesions. After the fifth treatment month, no new
lesions appeared and the known lesions were shrinking with
subsequent brain atrophy predominantly at former lesion sites.
Why new neuroradiological lesions appeared during the first
4 months under mirtazapine that is supposed to block JCV
entry into cells remains unclear. It has to be taken into account
that amplification of viral DNA in CSF does not fully reflect
viral replication in brain tissue, as shown by the lower PCR
sensitivity in CSF of AIDS patients with PML on antiretrovi-
ral therapy (Marzocchetti et al. 2005). Cognition remained
stable, which is important as PML is usually paralleled with
cognitive decline and brain atrophy. This is partly explained
by the small subcortical- and large midline-lesion volume.
Had he not contracted community-acquired pneumonia in
January 2014, he might have been well at an overall better
performance level. We did not find any cause, i.e., no active
PML signs for his deterioration after pneumonia, and hence
did not treat him with interleukin-7, a promising new agent for
PML patients (Alstadhaug et al. 2014). His worse perfor-
mance was mainly due to increased ataxia which might be
due to increased brain atrophy at the former midline-lesion
site.

It has to be left open whether mirtazapine and mefloquine
contributed to the survival of our patient. In general, survival
of HIV-negative patients with PML and comparable immune
status (idiopathic CD4+ T lymphocytopenia, CVID, Good’s
syndrome) to our patient ranges between 2 and 3 months (lon-
ger for one patient in a vegetative state) without treatment and
between 2 and 10 months under treatments including
cidofovir, cytosine arabinoside, or interferon ((Squintani
et al. 2010), Supplementary Table 1). Survival of PML pa-
tients with idiopathic CD4+ or CD8+ T lymphocytopenia or

19-23

in base pairs is indicated only for those sequence blocks in which
mutations were found. The date, viral load in CSF, and the archetype
and variant (see “Results” section) JCV NCCR architectures are
indicated. CSF cerebrospinal fluid, GEg/ml genome equivalents (or
copies) per milliliter

CVID (immune status of individuals not specified) under
mirtazapine or mirtazapine + mefloquine (without information
about assignment of treatment to individuals) was at least
1 year (Gheuens et al. 2011) and even 34 months in a patient
with idiopathic CD4+ T lymphocytopenia (242/ul) under
mirtazapine (and mefloquine for the first few months)
(Delgado-Alvarado et al. 2013). It has to be kept in mind that
the B cell deficiency in CVID and the B and CD4+ T cell
deficiency in LOCID patients with PML cannot be modified
except for substitution with IvIigG. This is unlike PML infec-
tions in patients with, e.g., HIV, MS under natalizumab ther-
apy, or cancer under immunosuppression, in whom the under-
lying condition predisposing to PML often can be modulated
or reverted resulting in improved immunocompetence and
abatement of PML. IvIigG therapy can contribute to partial
restoration of the CD4+ T cell compartment and the reduction
of CD8+ T cell activation in CVID patients (Paquin-Proulx
et al. 2013). It is, however, less likely that IvigG played an
important role in the immune defense of our patient, as it did
not prevent JCV infection and PML onset.

The NCCR rearrangements identified in our patient were
insofar compatible with the literature, as deletions mainly af-
fected the D box, while duplications were rather found in
proximity to the origin of replication and the promoter of the
early viral gene region (Hirsch et al. 2013). Although the
NCCR architecture differed from so-called prototypes previ-
ously reported in PML, or in HIV patients with PML (Bellizzi
et al. 2013), it becomes increasingly clear that NCCR rear-
rangements apparently are variable among different PML pa-
tients and frequently unique for an individual patient. It is
therefore difficult to identify particular NCCR rearrangements
that correlate with a poor PML outcome (Hirsch et al. 2013).
Notably, different NCCR rearrangements were detected in our
patient over time. It is tempting to speculate that this change
toward the archetype NCCR, which is believed to be associ-
ated with lower virus replication, contributed to the patient’s
survival and absent detection of JCV DNA in CSF. The inher-
ent limitation of this and other single cases in a highly variable
disease is, of course, the difficulty of generalizing the evi-
dence of the approaches to diagnosis and therapy to larger
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populations. The observation of the parallelism between
changes in the NCCR and disease evolution, however, may
have pathogenetic implications, and further data of this type
could help in comparing potential effects of different ap-
proaches to therapy on outcome.

Multiple reasons may underlie the mixed treatment results
of mirtazapine, mefloquine, or both, particularly in PML pa-
tients with constitutional immunodeficiency. First, different
diseases with variable degrees of immunodeficiency predis-
posing to PML cannot be well compared concerning their
response to treatment. Second, the delay between PML symp-
tom onset and treatment initiation, as well as the brain lesion
volume at diagnosis, is important. As suggested (Cettomai and
McArthur 2009), most significant clinical improvement may
be achieved with therapy start close to PML symptom onset
and little lesion volume. Third, the NCCR of JCV should be
systematically sequenced in future PML treatment studies to
learn whether NCCR reshuffling indeed affects survival and
may be influenced by treatment. Brain atrophy may constitute
a future problem, as its progression in the absence of active
PML is unclear and treatment options except for physiothera-
py are missing.
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