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SUMMARY
Parvovirus B19 has been linked with various clinical syndromes including neurological manifestations. However, its
role in the latter remains not completely understood. Although the last 10 years witnessed a surge of case reports on
B19-associated neurological aspects, the literature data remains scattered and heterogeneous, and epidemiological
information on the incidence of B19-associated neurological aspects cannot be accurately extrapolated. The aim of
this review is to identify the characteristics of cases of B19-associated neurological manifestations. A computerized
systematic review of existing literature concerning cases of B19-related neurological aspects revealed 89 articles
describing 129 patients; 79 (61.2%) were associated with CNS manifestations, 41 (31.8%) were associated with
peripheral nervous system manifestations, and 9 (7.0%) were linked with myalgic encephalomyelitis. The majority
of the cases (50/129) had encephalitis. Clinical characteristic features of these cases were analyzed, and possible
pathological mechanisms were also described. In conclusion, B19 should be included in differential diagnosis of
encephalitic syndromes of unknown etiology in all age groups. Diagnosis should rely on investigation of anti-B19
IgM antibodies and detection of B19 DNA in serum or CSF. Treatment of severe cases might benefit from a combined
regime of intravenous immunoglobulins and steroids. To confirm these outcomes, goal-targeted studies are
recommended to exactly identify epidemiological scenarios and explore potential pathogenic mechanisms of these
complications. Performing retrospective and prospective and multicenter studies concerning B19 and neurological
aspects in general, and B19 and encephalitic syndromes in particular, are required. © 2014 The Authors. Reviews in
Medical Virology published by John Wiley & Sons, Ltd.

Received: 22 October 2013; Revised: 28 November 2013; Accepted: 29 November 2013
INTRODUCTION

Since its discovery in the 1970s of last century [1],
human parvovirus B19 (B19) has been linked with
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a broad spectrum of clinical syndromes, including
erythema infectiosum (EI), transient aplastic crisis,
persistent infection manifesting as pure red cell
aplasia in immunocompromised individuals, non-
immune hydrops fetalis, and arthritis.

Less commonly recognized, but receiving in-
creasing attention recently, are the neurological
manifestations, a variety of which have been
described in patients with either clinically diag-
nosed or laboratory-confirmed B19 infection. The
last 10 years witnessed a surge of case reports on
the association of B19 with neurological aspects.
However, the literature on B19 infection and its
association with neurological aspects continue to
be heterogeneous, and epidemiological data on the
incidence of B19-associated neurological aspects
cannot be accurately extrapolated. Therefore, the
hed by John Wiley & Sons, Ltd.
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155Neurological aspects of B19
role of B19 in neurological diseases remains incom-
pletely described and understood.
The pathogenesis of B19 infection is complex and

variable, so it is likely that a combination of
mechanisms contribute to the development of
neurological manifestations [2], although there is a
lack of detailed descriptions of autopsy reports.
The objectives of this systematic review are to

search for cases of B19-related neurological aspects
and identify the clinical characteristics of those pa-
tients that could be associated with B19 infection.

METHODS
A computerized search was conducted using all
databases included inWeb of Knowledge in addition
to PubMed database. The search was performed
combining the terms (‘human parvovirus’ or ‘parvo-
virus B19’ or ‘B19’ or ‘erythema infectiosum’) and
(‘neurologic complication’ or ‘neurological disorder’
or ‘neurological manifestation’ or ‘central nervous
system’ or ‘peripheral nervous system’ or ‘a specific
term for a specific neurological disorder’) without
language and time restrictions. The specific terms
for neurological disorders used in the search were
obtained from the website of National Institute of
Neurological Disorders and Stroke [3], with a total
of 442 disorders and manifestations. In addition, all
cited references listed in the identified papers were
hand-searched for other relevant articles. An article
was considered for inclusion in the systematic
review if it reported cases with B19 infection that
presented with neurological manifestations. A case
was considered eligible for the following reasons:
(i) if data of age, sex, immune status, description of
manifestations and investigation, treatment, and
outcomes were presented and (ii) if B19 infection
was diagnosed in the presence of B19 DNA or anti-
B19 IgM specific antibodies in the serum or the
CSF. Exceptions included cases with neurological
manifestations associated with the presence of clini-
cal presentation of EI while laboratory tests were
not performed or available. The legitimacy behind
that relies on the fact that B19 is the sole agent for
EI. In the absence of B19 specific markers, other com-
mon B19-related clinicalmanifestations, such as tran-
sient aplastic crisis, persistent infection manifesting
as pure red cell aplasia, nonimmune hydrops fetalis,
and arthritis, were not considered as indicators of
B19 infection because the latter is not their sole etio-
logical agent. Cases of B19-associated neurological
manifestations that result from intrauterine infection
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
were also excluded. B19-associated myalgic ence-
phalomyelitis (ME) cases were included because of
the neurological classification of ME in the World
Health Organization’s International Classification
of Diseases (ICD G93.3) but classified and labeled
separately. Cases that did not fulfill the International
Consensus Criteria of ME [4] were excluded. The
computerized search was conducted for the last time
on 30 June 2013. The preferred reporting items for
systematic review and meta-analysis guidelines
were followed [5].

Data were summarized using percentages and
cross tabulations. Comparisons between subgroups
were made using Fisher’s exact tests. The 95%
confidence intervals (CIs) for percentages were
calculated using the Wilson method. All statistical
analyses used the conventional two-sided 5% signif-
icance level and were carried out using SPSS version
20 and CIA version 2.0.

RESULTS
As shown in Figure 1, the search using Web of
Knowledge databases identified 998 publications,
whereas PubMed database search identified 903
publications, with a combined search result of
1065 publications. A scrupulous analysis resulted
in 89 eligible articles [6–94] describing the history
of 129 patients, published between the years 1970
and 2012, which were further evaluated.

Seventy nine of the eligible cases (61.2%) were
associated with CNS manifestations (Table 1),
whereas 41 (31.8%) were associated with peripheral
nervous system (PNS) manifestations (Table 2), and
nine cases (7.0%) were linked with ME (Table 3).
Many of the cases (50/129) had encephalitis, enceph-
alopathy, or meningoencephalitis. The patients age
ranged from 1day to 75 years; median age of
12.5 years, with 70 (54.3%) children (<18years) and
59 (45.7%) adults (≥18years). The male-to-female
ratio was 4 : 5 (55.8% female). One hundred cases
(77 · 5%) were immunocompetent, whereas 29 cases
(22.5%) were patients with suppressed immune
status.

Clinical features of B19-associated encephalitis,
encephalopathy, and meningoencephalitis cases
were subject to comprehensive analysis in this
review because many of the B19-associated neuro-
logical aspects were cases belonging to this category.
For readers who are interested in other B19-related
neurological aspects, they should refer to Tables 1–3
and to the Discussion Section of this review.
Rev. Med. Virol. 2014; 24: 154–168.
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Figure 1. Flow diagram of information through the different phases of the review
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B19 and encephalitis, encephalopathy, and
meningoencephalitis
Fifty cases of encephalitic syndromes were found
and reviewed [6–39], representing 63.3% of B19-
related CNS cases and 38.8% of total B19-related
neurological cases currently found in the literature
(Table 1). In most of these cases (33/50), B19 was
sought after other possible pathogens were proved
to be negative, and the etiological cause was not
determined. In addition, B19 was investigated in
these cases because of the appearance of B19-related
symptoms or merely because of a suspicion of B19
infection. This association was confirmed by the
detection of at least one specific marker for B19 infec-
tion, with the exception of two cases of encephalitis
associated with EI prior to the recognition of the
etiological role of B19 in this disease [6,7]. However,
12 cases were identified during two retrospective
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
studies of 43 and 282 patients, respectively, with eti-
ologically undiagnosed neurological symptoms and
with no sufficient clinical information to support
the detection of a recent B19 infection [14,16]. Four
more cases were detected in another retrospective
study that targeted 346 patients with aplastic crisis
[19]. An additional case was detected during a
screening program of 1572 sera from hospitalized
pediatric patientswith various presentations submit-
ted for viral investigation [8].

Analysis of CSF for cell count and protein and
glucose concentrations varied according to the
cases. From those who were subject to CSF analy-
sis, 19 cases had normal white cells count, whereas
21 cases had raised count, 15 had normal protein
concentration whereas 16 had higher concentra-
tion, and 23 had normal glucose concentration
whereas only two had lower concentrations.
Rev. Med. Virol. 2014; 24: 154–168.
DOI: 10.1002/rmv
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Table 1. Cases of B19 infection and manifestations related to the central nervous system
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Table 2. Cases of B19 infection and manifestations related to the peripheral nervous system
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The majority of the cases (34, 68.0%) were immu-
nocompetent and 16 (32.0%) were immunocompro-
mised. Typical EI rash was observed in 15 cases
(30.0%), 13 cases among children (33.0%, 95% CI
20.6–49.0%) and two cases among adults (20%, 95%
CI 5.7–51.0%). Only one of these (no. 33) had
suppressed immunity, as might be expected from
the immunopathological nature of the rash. All 17
cases detected during screening programs or
retrospective studies (except one) were free from
the rash [8,14,16,19]. The timing of neurological
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
symptoms in relation to the rash varied consider-
ably. B19-associated encephalitis presented prior
to the appearance of the rash in five cases, contem-
poraneously with the appearance of the rash in
four cases, or following the appearance of the rash
in six cases. There were statistically significant
differences between patients with competent and
suppressed immune status and symptoms of rash
(p= 0.018); rash was observed by 42.4% of patients
with competent immune status, compared with
only 6.2% with suppressed immune status.
Rev. Med. Virol. 2014; 24: 154–168.
DOI: 10.1002/rmv



Table 3. Cases of B19 infection and myalgic encephalomyelitis
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Anemia was detected in 21 cases (42.0%), 17
cases among children (43.6%, 95% CI 29.3–59.0%)
and four cases among adults (40.0%, 95% CI
16.8–68.7). There were statistically significant
differences between patients with competent and
suppressed immune status and symptoms of
anemia (p= 0.002). The majority of the cases with
anemia were observed at reduced immune status
(12/16, 75%) comparing with the immunocompe-
tent group (9/34, 26.5%).
Table 4. Neuroimaging studies for B19-associate
meningoencephalitis cases

© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
Arthralgia was present only in three cases among
children (7.7%, 95% CI 2.7–20.3%) and one case
among adults (10.0%, 95% CI 1.8–40.4). There were
no statistically significant differences between
patients with competent and suppressed immune
status and symptoms of arthralgia (p= 0.289).

Neuroimaging studies (Table 4) were performed
on 34 cases using computed axial tomography
(20 cases), electroencephalogram (20 cases), and/
or magnetic resonance imaging (27 cases). Among
d encephalitis, encephalopathy and
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the computed axial tomography cases, 12 were
normal whereas eight showed a range of abnor-
malities including enlarged ventricles, lesions,
frontal, and occipital vasogenic swelling. By electro-
encephalogram, only three cases were normal
whereas 17 showed abnormal activities. Using mag-
netic resonance imaging, 11 cases were normal
whereas 16 showed various abnormalities including
enlarged ventricles and increased signal from the
white matter. Two cases were normal with all three
types of neuroimaging studies.
Excluding 25 cases inwhich treatment regimenwas

not known (12 cases), not specific (10 cases), or the
encephalitis presentation resolved spontaneously
withoutmedical intervention (three cases), most cases
were initially treated with antivirals (11 cases) and/
or antibiotics (eight cases) to cover a possibility of
unidentified viral and/or bacterial encephalitis, re-
spectively, accompanied sometimes with an
addition of antiepileptics (10 cases) to relieve
the symptoms. However, when B19 involve-
ment was either suspected or confirmed, 16
cases were treated with intravenous immuno-
globulins (IVIGs) and/or steroids. Four cases
were treated only with IVIG, two of them
showing concomitant clinical improvement.
Four other cases were treated only with ste-
roids, two of them showing associated clinical
improvement. Eight cases were treated with IVIG
and steroids (according to the physicians reports
about these cases, two showed improvement most
probably due to IVIG, two showed improvement
most probably due to steroid treatment, while
three showed improvement due to combined
IVIG and steroids treatment). None of the cases
treated with IVIG and/or steroids died but four
of them (no. 24, 32, 37, and 50) treated in later
stage with either IVIG or steroids (but not both)
had mild neurological sequelae. It should be
noted that two of these cases had underlying
immunodeficiency (no. 24 and 32) while the other
two were treated with IVIG alone (no. 50) or ste-
roids alone (no. 37). In contrast, seven out of nine
patients who did not receive IVIG and/or steroids
were either slow in their recovery (three cases), had
a form of neurological sequelae (three cases), or
even died (one case). There were no statistically
significant differences between patients with
competent and suppressed immune status and
the success of the treatment (IVIG and/or steroids)
(p= 0.188).
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
The prognosis of the encephalitis associated
with B19 appears to vary. Although in some
cases, complete recovery without neurological
sequelae was achieved, there were seven deaths
(14.0%) following the illness, and in 13 cases
(26.0%), long-term neurological sequelae were
observed, ranging from mild language learning
difficulties and slurred speech to mental and
motor retardation.

DISCUSSION
This is the first systematic review that targets the
association between B19 infection and neurological
aspects. We identified in this review 129 cases,
reported in 89 publications including case reports,
brief communications, comments or letters to the
editors, retrospective studies or screening pro-
grams, and follow-up studies. These publications
linked the virus with various neurological aspects
either confined to CNS (including encephalitis; 50
cases, meningitis; 12 cases (no. 51–62), cerebellar
ataxia as isolated neurological event; one case p
(no. 63), stroke; seven cases (no. 64–70), transverse
myelitis; three cases (no. 71–73), seizures; five cases
(no. 74–78), Reye’s syndrome; one case (no. 79)) or
related to PNS (including neuralgic amyotrophy;
eight cases (no. 80–87), peripheral neuropathy; 19
cases (no. 88–106), carpal tunnel syndrome (CTS);
10 cases (no. 107–116), Guillain–Barré syndrome
(GBS); four cases (no. 117–120)), in addition to nine
cases that reported an association between B19
infection and ME (no. 121–129).

The most common B19-associated neurological
manifestation was encephalitic syndromes, repre-
senting 38.8% of the total B19-related neurological
cases that are currently in the literature. B19 is not
usually investigated during encephalitis episodes,
and in most of the cases reported, it was only sought
after other pathogens that are commonly involved
in encephalitis were proved to be negative, and the
etiological cause remained undetermined. In addi-
tion, in other cases, B19 was suspected because of
the appearance of one of its related symptoms or
merely because of the physician anticipation of or
interest in B19 infection. This could explain to some
extent the rarity of B19 involvement in such a wide-
spread neurological disorder, which occurs at a rate
of six to seven cases among 100000 individuals
worldwide [95]. That means if B19 is investigated
at the same rate as other pathogens that commonly
cause encephalitis, more cases could be detected.
Rev. Med. Virol. 2014; 24: 154–168.
DOI: 10.1002/rmv



162 F. Barah et al.
This is supported by the fact that when B19 was
sought retrospectively in encephalitis cases, a 4%
detection rate was found in the two retrospective
studies performed so far, detecting 12 cases with
etiologically undiagnosed encephalitis and with no
sufficient information to support the detection of a
recent B19 infection [14,16]. Therefore, we suggest
performing larger multicenter retrospective studies
and further prospective studies to support these
findings. Because the cost of detecting anti-B19
IgM antibodies and B19 DNA in serum or CSF is
relatively low, we recommend at this stage that
detection of B19 should be incorporated in the
differential diagnosis of encephalitis cases.
The represented cases of B19-associated encep-

halopathy clearly indicate that there are no distin-
guishing features of B19-associated encephalitis
compared with encephalitis caused by many other
viral pathogens, except for the presence of rash, ane-
mia, and arthritis in some patients. It is clear from
the evidence of B19 infection upon retrospective
analyses that there are no clinical clues regarding
the diagnosis [14,16]. For example, physicians
cannot depend only on typical EI rash to confirm
the concurrent B19 infection with encephalitis
because many case reports, especially those identi-
fied retrospectively, failed to identify the coexistence
of the rash with the encephalitic episode. In addi-
tion, the timing of neurological symptoms in rela-
tion to the rash varied considerably without a clear
pattern. Furthermore, in immunocompromised indi-
viduals, B19-specific rash is usually absent around
the time of neurological illness because of the
immunopathological nature of the rash. Also, a phy-
sician cannot depend on the appearance of other
B19-related symptoms, such as arthralgia, which is
present in few cases, and anemia, which is detected
mostly in cases with reduced immune status be-
cause of various conditions other than neurological
symptoms. On the other hand, analysis of CSF for
cell count and protein and glucose concentrations
vary among cases, and significant indications can-
not be obtained from these data and thus cannot
be used in supporting the association of B19 infec-
tion in such cases. In addition, physicians cannot
rely on neuroimaging studies in detecting specific
abnormalities related to B19-associated encephalitis.
Therefore, we conclude that the detection or confir-
mation of associated B19 infection with encephalop-
athy should always depend on the presence of B19
specific markers, namely, the anti-B19 IgM
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
antibodies and B19 DNA in serum or CSF. However,
B19 DNA may be detectable for extended periods,
even in healthy individuals [96]. Therefore, the pres-
ence of low levels of B19 DNA alone cannot be used
to diagnose B19 infection with encephalopathy.

Intravenous immunoglobulin are considered the
only treatment option for many clinical syndromes
associated with B19 infection because it is believed
that they include a good source of antibodies to neu-
tralize the virus, although themechanism of IVIG ac-
tion is not precisely known. On the other hand,
steroid therapy was also suggested for treatment of
neurological disorders in general and encephalopa-
thy in particular. When B19 involvement was either
suspected or confirmed, 16 cases of encephalopathy
were treated with IVIG and/or steroids. Given the
clinical cases of encephalopathy presented, we are
clearly not in a position to fully support the use of
IVIG, steroids, or their combination in encephalitis
associated with B19 infection, although 12 cases
showed clinical improvement, because favorable
outcomes with full recovery seem to be another dis-
tinctive feature for many encephalopathy reported
caseswithout IVIG and/or steroids treatment,which
may suggest a casual association with IVIG and/or
steroids when they are used. In addition, IVIG and
steroids were given together in eight cases showing
clinical improvement, and therefore, an objective
assessment of efficacy of either treatment cannot be
obtained. However, with the absence of other effec-
tive treatment regimens, the use of combined treat-
ment of IVIG and steroids in B19-associated
encephalopathy could be considered. We, therefore,
recommend that treatment of severe cases might
benefit from a combined regime of IVIG and ste-
roids, until a randomized prospective clinical trial
of this regimen can be conducted.

There were seven deaths following encephalitis
associated with B19, and in 12 cases, long-term
neurological sequelae were observed, urging the
necessity of rapid diagnosis of B19 infection and
swift clinical intervention with combined IVIG and
steroids regimen. In contrast to encephalitis cases,
prognosis appears to be good in cases of B19-associ-
ated meningitis with a high rate of spontaneous cure
and no sequelae reported.

In addition to one case of ataxia as an individual
isolated event in association with B19 [50], there are
also six cases where cerebellar involvement was
additionally suggested either clinically (no. 16, 20,
44, and 50) or pathologically (no. 17 and 60).
Rev. Med. Virol. 2014; 24: 154–168.
DOI: 10.1002/rmv
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Although aplastic crisis can be, by itself, a risk factor
for stroke, B19 could participate in the latter in pa-
tients without aplastic crisis. Isolated events of
seizures were also reported, although episodes of
seizures seemed more part of a wider neurological
picture. Scattered case reports have linked B19 infec-
tion with transverse myelitis and Reye’s syndrome.
We are not in a position to confirm these associations
because of the low number of cases reported in the
literature. Large-scale retrospective studies are re-
quired to confirm the association of B19 infection
with these CNS presentations.
B19 is generally not regarded to be neurotropic,

but direct infection and local replication of the virus
could not be ruled out as possible pathogenesis
mechanism for B19-associated CNS aspects. There
have been controversial reports regarding the detec-
tion of B19 DNA in brain tissues. In one study, no
evidence of B19 invasion of the brain was observed
using relatively insensitive techniques [97]. However,
in other reports, B19 DNA was detected in a brain
biopsy specimen from a 67-year-old woman with
severe meningoencephalitis by PCR [15] and in the
nucleus of the multinucleated giant cells and solitary
endothelial cells for a hydropic fetus by in situ PCR
[98]. These data were supported by recent large-scale
studies that used a highly specific nested PCR and
nucleotide sequencing to detect B19 sequences in
the dorsolateral prefrontal cortex [99] and cerebellum
[100] of postmortem adult human brains. However,
concerns should be cast over the fact that B19 DNA
could persist in many tissues in detectable levels for
years. In these cases, B19 DNA is likely to be existing
in the circulation at high levels after infections and
which becomes sequested and persists in the tissues
as a result. Distinguishing that remnant DNA from
the products of an active infection in a tissue has
plagued many studies of B19 pathogenesis. B19
DNA persistence in brain tissues, however, could by
itself provoke the pathogenic action of the virus
through inducing chromosomal defect or damage [2].
On the other hand, immune-related pathogenic
mechanisms cannot be ruled out, supported by
complete resolution of symptoms in cases treated
with steroids. In addition, recent reports suggest that
some cases of anti-N-methyl-D-aspartate receptor
encephalitis could be triggered by B19 [35,36,101].
Vascular injury, particularly in the cerebellum, could
also be involved in the pathogenesis. Therefore, we
conclude that complex and variable pathogenesis is
likely to contribute to the CNS manifestations. Exact
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
mechanisms of actions through thorough prospective
and retrospective pathological studies on sera, CSF,
and postmortem tissues are required.

The number of B19-associated neuralgic amyo-
trophy cases does not necessarily reflect the extent of
B19 involvement in this neurological disorder of
unknown etiology because all were case reports.
Therefore, retrospective and prospective studies are
required to give a more comprehensive picture of the
involvement of B19 in this disorder. The pathological
mechanismof brachial plexus neuritis after B19 infec-
tion is also not known. However, clinical characteris-
tics of reported cases show some striking similarities:
All cases but one concerned adults, whereas the
majority of parvovirus infections usually occur in
children. All patients but one presented symptoms
of brachial plexus neuritis coinciding with or imme-
diately after the appearance of EI rash, which is
interesting because the typical rash is believed to be
immune mediated and generally coincides with the
appearance of viral antibodies. It is likely that either
autoantibodies or immune complex deposition are
involved in these cases while direct infection and
local replication of the virus could be ruled out.

Reported B19-associated peripheral neuropathy
cases occurred as paraesthesia, dysesthesia, cranial
nerve palsy, optic neuropathy, mononeuritis multiplex
(MM), or acute autonomic sensory and motor
neuropathy (AASM). In general, these cases followed
a subacute but progressive course with unpredictable
extension and severity ranging from complete recovery
with no further neurological symptoms to pure limited
sensory disorders and could endwith severemultifocal
sensory motor axonal loss with marked functional dis-
ability. The way in which B19 is able to trigger neurop-
athy is not fully elucidated. Possible mechanisms may
involve necrotizing vasculitis through immune com-
plex deposition or hypersensitivity vasculitis secondary
to B19 infection. Persistence of B19 infectionmay play a
role in prolongation of the disorder.When followedup,
B19 DNA was present in serum beyond 6months
after onset of neuropathy in at least five cases (no.
94–95 and 99–101). This could provide a rationale
for the treatment of such patients with IVIG. How-
ever, and as discussed in B19-associated encephalitis
cases, its combination with steroids in three patients
and the possibility of a spontaneous progressive
recovery after acute nerve injury does not allow
definite conclusions to be made about the efficacy of
IVIG in B19-associated neuropathy. Complete neuro-
logical, neurophysiological, and nerve histological
Rev. Med. Virol. 2014; 24: 154–168.
DOI: 10.1002/rmv
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examination of B19-associated neuropathy should be
performed. Further epidemiological studies are
required to confirm the link between B19 and the
neuropathy and to assess the frequency of B19-related
neuropathy in comparison with other causes of B19-
free neuropathy. However, B19 infection should be
routinely considered in the etiological assessment,
especially in the event of initial sensory symptoms
with concurrent rash, as this could lead to an early
appropriate treatment with IVIG.
There are several causes of CTS, but in many cases,

the etiology remains unknown. The assumptions that
B19 can be the infectious agent that triggers CTS, and
that the coexistence of B19 infection and CTS was not
causal in the reported cases, require prospective
and follow-up studies that compare B19 markers
(detection and quantification) between CTS patients
and a CTS-free control group, preferably during an
epidemic peak of B19 infection. This is because most
CTS cases are usually confirmed long time after
laboratory detection of B19 acute infection.
B19 is not usually cited as a cause of GBS

comparedwithCampylobacter jejuni and cytomegalo-
virus that constitute the most frequent bacterial and
viral triggers [102]. Only four cases linked to B19
infection are reported in the literature, and retrospec-
tive studies have yet to prove any association. How-
ever, it is worth mentioning that, in a relatively old
prospective study, serum samples taken from a
group of GBS patients were examined for the pres-
ence of a variety of pathogens [103]. Anti-B19 IgM
antibodies were detected in four patients (4%) but
not in controls. Although this was statistically insig-
nificant, this finding suggests that parvovirus B19
may be an important cause of some cases of GBS.
These four cases were not included in this study
because of insufficient data concerning them.
Few case reports and follow-up studies have

documented an association between acute B19
infection and ME (no. 121–129), whereas others
found no association [104,105]. Reasons behind
this disparity could be due to various groups
promoting different nomenclature, diagnostic
criteria, etiologic hypotheses, and treatments for
ME, resulting in controversy about many aspects
of this disorder. For example, ME is not always
classified as a neurological disorder. In addition,
although ME may follow acute B19 infection,
attribution of a case of ME to B19 infection may
be extremely difficult in the absence of serological
confirmation of acute infection at fatigue onset.
© 2014 The Authors. Reviews in Medical Virology
published by John Wiley & Sons, Ltd.
Although the gold standard method of diagnosis
is to confirm acute B19 infection through positive
anti-B19 IgM antibodies or B19 DNA at the time
of onset of fatigue, this would be a rare occurrence,
and a more practical method would is needed to de-
tect other B19 markers during the illness. Kerr et al.
[106] found out that antibodies against B19
nonstructural protein are associated with chronic
and not acute B19 infection and therefore could be
used as a marker for B19-assciated ME cases.
Because several different infections may be involved
in ME, the proportion resulting from any one agent,
such as B19, is likely to vary, as evident in various fol-
low-up studies, with regard to sampling strategy, time
and place, and its relation to the prevalence of each in-
fection. Twoparticularly important factors arewhether
there is an outbreak in progress at a particular location
and the selection strategy for the control/comparison
groups. These factors should be taken into consider-
ation when attempting to confirm the possible link
between B19 and ME. Interestingly, five out of nine
patients were improved after IVIG [92,94,107], a mat-
ter that should be considered when B19 is suspected
or confirmed to be associating with ME cases.

This study has various limitations: Firstly, the
literature data on this topic are few and heterogeneous
in terms of criteria used for characterization of B19-as-
sociated neurological symptoms, in addition to the
differences in diagnosis, complementary investigation,
treatment, and follow-up of these cases. Therefore,
epidemiological data on the incidence of B19-
associated neurological aspects cannot be accurately
extrapolated. Prospective, structured, multicenter
studies would be necessary to determine the real
epidemiological scenario of these complications
that are currently receiving increasing attention.
Furthermore, although there are some hypotheses
on the pathogenesis of B19-associated neurological
aspects, lack of detailed descriptions of autopsy
reports render the pathogenesis not completely
understood, and therefore, thorough prospective
and retrospective pathological studies on postmor-
tem tissues using sensitive immunocytochemistry
and in situ hybridization techniques are a priority.

In conclusion, pending answers to the questions
raised, we recommend that B19 infection should be
included in the differential diagnosis of encephalitic
syndrome and some PNS manifestations regardless
of the age. We recommend that diagnosis of B19-as-
sociated neurological aspect should solely depend
on the investigation of anti-B19 IgM antibodies and
Rev. Med. Virol. 2014; 24: 154–168.
DOI: 10.1002/rmv
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B19 DNA in serum or CSF. We also suggest that
severe cases of B19-associated neurological aspects
might benefit from a combined regime of IVIGs,
and steroids and a randomized controlled trial
should be considered.
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