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To the editor,
Progressive multifocal leukoencephalopathy (PML) caused by
human neurotrophic polyomavirus (JCV) is a central nervous
system (CNS) disease in immunodeficient patients. PML is
associated with a poor prognosis and the only intervention lead-
ing to clearance of the virus is removal of iatrogenic immune
suppression. In particular, the prognosis is dismal in patients
with severe primary immunodeficiency (PID) [1]. However,
our clinical experience described in this case report supports
the possibility that nitazoxanide, a broad-spectrum antiparasitic
and antiviral drug [2], may have helped in controlling the JCV
in a single patient with PML associated with combined PID.
This antiviral effect of nitazoxanide may have been produced

by induction of innate immunity, downregulation of viral recep-
tors, or interference with maturation of viral proteins [2, 3].

A female patient suffering from psychomotor retardation,
bilateral optic nerve atrophy, and refractive amblyopia due to
untreated hyperopia developed lymphopenia (0.5–0.9 × 109/l,
reference range (ref) 1.2–3.5 × 109/l) in her adolescence.
Despite a normal CD19+ count (96–159 × 106/l, ref 80–616 ×
106/l), B cell maturation was defective (marginal zone 0.48–
0.8 × 106/l, 0.5% of all CD19+, ref 7.2–30.8%; switched mem-
ory B cells 0.67–1.1 × 106/l, 0.7%, ref 6.5–29.2%) with no
response to pneumococcus antigens. She had low concentra-
tions of IgA (0.6 g/l) and IgG (3.1 g/l), while IgE and IgMwere
undetectable. CD3+CD4+ T cell counts were 256 × 106/l (ref
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404–612 × 106/l) and CD3+CD8+ T cells were 220 × 106/l (ref
220–1129 × 106/l) with a reduced CD4/CD8 ratio of 1.16.
P e r c e n t a g e o f r e c e n t t h y m i c e m i g r a n t
CD45RA+CD62L+CD31+ T cells (24 × 106/l, 0.5% of all
CD3+, ref 14.4–38.3%) was low. Cells responded poorly to con-
canavalin A, phytohaemagglutinin, or pokeweed mitogen. The
percentage of CD4−CD8− (1.2%) double negative T cell and
natural killer cell count (139–143 × 106/l, ref 84–724 × 106/l)
were normal. These findings suggested a diagnosis of combined
primary immunodeficiency.Molecular karyotyping found no de-
letions. Whole exome sequencing (WES) of the patient’s, her
parents’, and unaffected brother’s DNA failed to find a known
condition. The parents originated from a restricted geographical
region with a degree of consanguinity seen in WES.

Since the age of 13, she has suffered from chronic skin
ulcers with granulomatous histology and received numerous
empiric treatments against bacteria, mycobacteria, and fungi
(Supplementary Data 1). Her skin sample was found to be
positive for rubella virus (RV) vaccine strain RA 27/3 at age
30 (patient 1 in Perelygina L et al.) [4] 89 days before the
positive JCV finding, which is marked as day 0 in this case
description. On day −66, experimental peginterferon-alfa-2a
treatment (Pegasys®) against RV was started with a weekly
dose of 180 μg for three weeks followed by a dose reduction
due to dizziness associated with the injection. A seven-week
treatment failed to improve the condition of her skin lesions [3].

At age 29, her epilepsy was poorly controlled. Valproate,
levetiracetam, pregabalin, and oxcarbazepine monotherapy

and their combinations were attempted (Supplemental
Data 1). In addition, she exhibited a subacute deterioration
with mild hemiparesis and suffered from slurred speech since
day − 199. She continued to have slow progression in her
neurological condition during the seven-week peginterferon-
alfa-2a treatment (from day −66 to day −17).Whether this was
caused by immune reconstitution or resistance to therapy re-
mains open to debate. On day 0, brain magnetic resonance
imaging (MRI) revealed somewhat atypically patterned le-
sions of PML (Supplemental Data 2) while her CSF was
found to be positive for JCV DNA (5700 copies/ml). The
CSFwas negative for RV, human herpesvirus 6, enteroviruses,
herpes simplex, varicella zoster, cryptococci, and toxoplasma.
No sign of bacteria, mycobacteria, fungi, or CNS lymphoma
was found.

In addition to the diagnosis of PML, the patient con-
tinued to suffer from RV-positive skin ulcers. Based on its
known broad antiviral activity [2], she started receiving
oral nitazoxanide 500 mg (Alinia®) twice daily on day +3
with an attempt to treat both PML and RV. A single 500-
mg oral dose of nitazoxanide has been reported to pro-
duce a peak plasma concentration of 10 μg/ml in human,
while the IC50 has been between 0.2 to 1.5 μg/ml for
rubella, influenza, coronavirus, and hepatitis C [2, 3].
On day +45 (acute), ex vivo interferon gamma (IFNγ)
and tumor necrosis factor alpha (TNFα) secretion by
CD4+ and CD8+ T cells upon JCV VP1 peptide stimula-
tion were normal compared to two natalizumab-associated

Fig. 1 IFNγ (a, c) and TNFα (b, d) secretion of CD4+ (a, b) and CD8+ T
cells (c, d) upon PMA (open symbols, left columns) stimulation, and
stimulation with JCV VP1 peptide (closed symbols, right columns). Six
healthy control samples (circles) and the described PML case 15 months

before PML diagnosis (triangle) are shown in the left columns (HC/pre);
two natalizumab PML survivors six months after diagnosis and the PML
case (triangle) five weeks after PML diagnosis are shown in the right
columns. Dotted line indicates detection threshold

J Clin Immunol (2018) 38:4–6 5



acute PML survivors (Fig. 1). In contrast, JCV-specific T
cell responses were absent in CD8+ T cells collected
15 months before PML diagnosis as compared to six
healthy individuals. Very few CD4+ T cells secreted
TNFα 15 months before PML diagnosis; this indicates
prior exposure to JCV (Fig. 1, HC/pre). Reaction to poly-
clonal phorbol 12-myristate 13-acetate (PMA) was below
average in CD4+ T cells and on average in CD8+ T cells
(Fig. 1). The CD4/CD8 ratio was reduced at 0.88
15 months prior to PML diagnosis, but restored to a value
of 3.5 five weeks after the start of nitazoxanide, indicating
CD4+ T cell expansion. No obvious improvement in her
chronic wounds was observed although the RV was elim-
inated from the lesions during nitazoxanide treatment [3].

Atypical lesions continued to fluctuate in the follow-up
brain MRIs (Supplemental Data 2). On day +67, CSF was still
positive for JCV DNA, but its viral load had dropped below
the level of accurate quantitation. Thus, her nitazoxanide treat-
ment continued without obvious side effects for a total of
160 days (until day +160). On day +175, CSF was negative
for JCV DNA. There was no obvious clinical progression in
her neurological symptoms although she suffered from epi-
sodes of aspiration pneumonia and febrile urinary tract infec-
tions. Sadly, she developed another episode of aspiration
pneumonia, leading to death on day +185.

In summary, the patient developed a mild hemiparesis
and slurred speech before interferon-α treatment. During
peginterferon-alfa-2a therapy, a slow progression in her
neurological symptoms was observed. A similar interfer-
on treatment attempt against JCV PML was also ineffec-
tive in a previously reported PID case [1]. However, it
seems likely that nitazoxanide may have influenced the
course of PML in this patient as indicated by the en-
hanced JCV-specific T cell responses, subsequent clear-
ance of JCV DNA, and a prolonged clinically stable pe-
riod without obvious progression of the PML. No other
interventions to control the JCV were attempted, no im-
munosuppressive medications were used or discontinued,
and the patient’s blood counts were carefully monitored
throughout the treatment. As far as we are aware, reversal
of the CSF JCV nucleic acid to an undetectable level in a
clinical PML of a PID patient has been rarely, if ever,
previously reported [1]. We conclude that the potential
of nitazoxanide should be explored further in a larger
PML patient population suffering from primary immuno-
deficiencies. We emphasize, however, that molecular basis
of the PID of our patient is not understood and the de-
scribed experience may not necessarily be reproducible in
other PID patients.

Methods
JCV VP1 T Cell Stimulation Assay The JCV VP1 peptide pool
assay (PepTivator®, Miltenyi Biotec (Bergisch Gladbach,
Germany)) was performed according to the manufacturer’s
instructions. In brief, thawed peripheral blood mononuclear
cells were either rested (negative control), stimulated with
10 μl of PepTivator® stock solution (VP1), or stimulated with
PMA and ionomycin (PMA), each for six hours with addition
of Brefeldin A after two hours. Harvested cells were then
stained with fluorochrome-conjugated antibodies against
CD3, CD4, CD8, CD56, fixated and permeabilized and intra-
cellularly stained with anti IFNγ or TNFα (Biolegend, San
Diego, USA) as previously described [5]. VP1 stimulation
was calculated by subtracting the negative control values from
the VP1-stimulated values.
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