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Post-licensure surveillance for adverse events following immunizations (AEFI) can identify rare complications of vaccinations and
rigorous vaccine adverse event causality assessments can help to identify possible causal relationships. We report the development
of arm paralysis after varicella vaccination in a 1-year-old child. Paralysis was initially presumed to be due to vOka because of the
temporal relationship between vaccination and onset of arm weakness; however, molecular studies identified wild-type varicella
zoster virus VZV (WT-VZV) in the CSF, leading the authors to conclude that WT-VZV was the probable cause. This case illustrates the complexity of assessing AEFI causality, and the importance of careful and complete evaluations when determining the
most likely cause of an AEFI.
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CASE REPORT
Clinical Scenario

A 1-year-old healthy child received hepatitis A (right thigh) and
varicella (VAR) (right arm) vaccines in the late summer of 2014.
Eight days later, he developed a febrile upper respiratory infection
and bilateral otitis media, and he was treated with a third-generation oral cephalosporin. Ten days after vaccination, acute proximal
weakness of the left upper arm (arm contralateral to vaccinated
arm) developed, followed 2 days later by a mild maculopapular
rash, vomiting, and diarrhea; the child was hospitalized for further
evaluation. Physical examination was normal except for decreased
muscle tone and left biceps reflex, normal range of motion, good
movement of the left hand, but with a slightly decreased grip.
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The child was cared for at home with his healthy older children and adults who were healthy, asymptomatic, and vaccinated appropriately for age. The child was up-to-date with
vaccines, had no recent travel or visitors to the home, and had
no known exposure to VAR or zoster.
Diagnostic Evaluations

Examination of cerebrospinal fluid (CSF) revealed no organisms
on Gram stain, red blood cell count 4188 per mm3, white blood
cell count 46 per mm3 (95% mononuclear cells, 5% neutrophils),
protein 39 mg/dL, and glucose 57 mg/dL. Magnetic resonance
images (MRIs) of the brain and spine with contrast 3 days after
the onset of arm paralysis were normal. Cerebrospinal fluid
and serum were sent to the Wadsworth Center for encephalitis
polymerase chain reaction (PCR) panel and serology. The laboratory is a federally funded Viral Vaccine Preventable Diseases
Reference Center. Varicella-zoster virus (VZV) deoxyribonucleic acid (DNA) was detected in the CSF by real-time PCR
[1], and differentiation of wild-type (WT) VZV from vaccine
strain (vOka) was determined by 3 biallelic real-time PCR
assays [2–4]. Results consistently showed all 3 single-nucleotide
polymorphisms associated with WT VZV (Table 1). Attempts
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Table 1.
Target SNP
106262

107252

108111

Primer and Probe Sequences and Sample Test Results, for VZV Wild-Type/Vaccine Distinguishing Real-Time PCR Assays
PCR Oligo Sequences

Sequence (5’-3’)d

Average CTa

Forward primer

CGTACACGTGATACTGAGACAAAGC

Reverse primer

GCCGGTTGCTGGTGTTG

Wild-type standard probe

HEX-ATCCCTGGGCCACC- BHQ1

37

Vaccine standard probe

FAM- ATCCCCGGGCCAC- BHQ1

Neg

Reference
1

Forward primer

ACT GGA GCC CGT TGC CTC

Reverse primer

TCC TAC AGA GTC TCC GCA GAG C

2

Wild-type MGBb probe

FAM-TTG CCA GCA TGG C- BHQ1

38

Vaccine MGBb probe

HEX-TTG CCG GCA TGG C- BHQ1

Neg

Forward primer

AAGACGAAACAAACTCACGACTCT

Reverse primer

GGAAGATCCCACGCACCAGA

Wild-type LNAc probe

HEX- TTC[+T]CCAC[+T]GGGC[+T]GTC- BHQ1

35

Vaccine LNAc probe

FAM-TTCTCCAC[+C]GGGCTGTCA- BHQ1

Neg

3

Abbreviations: CT, cycle threshold; LNA, locked nucleic acid; MGB, minor groove binder; Neg, negative; PCR, polymerase chain reaction; SNP, single-nucleotide polymorphism; VZV, varicella-zoster virus.
a
CT values are the average across all tests run on the sample.
b
Minor groove binding probe.
c
Locked nucleic acid probe: square parenthesis indicate locked bases for LNA probes.
d
Bases underlined in bold indicate the distinguishing nucleotide (vaccine vs wild type) at each SNP.
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at sequencing for viral genotyping were unsuccessful due to
the low viral load. Duplicate CSF PCR testing at the Columbia
University laboratory in New York City confirmed the presence of VZV DNA. This laboratory participates in the VZV
Identification Program and is part of the Worldwide Adverse
Experience System of Merck and Co., Inc [5, 6].
Tests for West Nile virus (WNV) antibody in CSF and
serum were negative, as were serum antibody tests against
Borrelia burgdorferi, Bartonela henselae, Powassan, Eastern
equine encephalitis (EEE), Western equine encephalitis, St.
Louis encephalitis (SLE), and California serogroup viruses.
Polymerase chain reaction on CSF for B burgdorferi, herpes simplex virus (HSV) 1 and 2, adenovirus, cytomegalovirus (CMV),
Epstein-Barr virus (EBV), human herpesvirus 6, enterovirus,
WNV, EEE, SLE, Cache Valley virus, and California serogroup
virus were also negative [1].
A nasopharyngeal (NP) specimen collected 2 days after onset
of paralysis tested negative by PCR for multiple respiratory
viral and bacterial pathogens including rhinovirus/enterovirus
(FilmArray; Biofire Diagnostics, Salt Lake City, UT). Rectal and
oral swab viral cultures were also negative. Sera collected at 4 days
and 1 and 4 months after the onset of paralysis were positive (>2.5
log2) for neutralizing antibodies against the prototype EV-D68
virus and 3 enteroviruses isolated during the 2014 outbreak [7].
Extensive immune evaluation revealed age-appropriate levels
or functions of immunoglobulin (Ig)G (391 mg/dL), IgA (19 mg/
dL), IgM (50 mg/dL), lymphocyte subsets, T-cell subsets (naive/
memory, CD45RA/RO distribution), cytotoxic lymphocyte function, natural killer cell function, CD107a mobilization (measure
of lymphocyte degranulation), interleukin (IL)-1 receptor-associated kinase 4 sequence, and Toll-like receptor functions.
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Varicella-zoster virus IgG adjusted optical density levels were all
positive at 1.222, 0.932, 1.164, 2.949, and 1.736 on 4 days, 1, 4,
9, and 16 months, respectively, after the onset of paralysis. The
avidity indices were 0 at 4 days, and 1 month post-onset; and
increased to 37, 49, and 73 at 4, 9, and 16 months post-onset paralysis, respectively [8], consistent with a “primary” VZV antibody
response. T-cell stimulation responses to candida and tetanus
antigens were normal, as were specific antibodies to diphtheria
and Streptococcus pneumoniae antigens. However, tetanus antibody level was low at <0.1 g/mL (normal range, >0.15 IU/mL).
Cell-mediated immunity was evaluated by interferon-gamma
(IFNγ) enzyme-linked immunosorbent spot (ELISPOT) [9].
The VZV-specific response at 6, 9, and 16 months after onset
of paralysis was below the limit of 2 spot-forming cells/105 for
a positive result, whereas a robust response to phytohemagglutinin validated the assay and cell conditions. Cytokine production in VZV-stimulated peripheral blood mononuclear cells was
further tested using Luminex MAP and showed the absence of
IL-2 production in response to VZV stimulation, consistent with
the impaired VZV Th1 responses detected by the IFNγ ELISPOT
assay. Nerve conduction and electromyography studies at 3 days,
7 weeks, 4 and 9 months after presentation were consistent with
injury of the motor neurons and/or axons at C5-7 level on the left
and excluded brachial plexopathy.
Differential Diagnosis

The differential diagnosis includes stroke, radiculopathy, myelitis, meningitis, and brachial plexopathy. In children, stroke
may be associated with a recent attack of VAR [10]. Cerebral
infarct was excluded by the normal diffusion-weighted cranial
MRI. Spinal infarct was excluded by the absence of upper motor

neuron findings on examination and a normal spinal MRI. The
spinal MRI may have been falsely negative for myelitis because it
was performed soon after onset of symptoms, and spinal infarct
could have been missed because the MRI did not include a diffusion-weighted sequence. Normal sensory conduction studies
excluded brachial plexus involvement.
Treatment and Clinical Course

The patient had not recovered left arm function at 22 months
after onset of paralysis. He was not treated with antiviral medications because the molecular information implicating VZV
was not available during hospitalization. The child received supportive care, including physical therapy, shoulder kinesiotaping
to correct scapular subluxation, and electrical stimulation to the
left upper extremity.
DISCUSSION

When unusual illnesses occur after vaccination, vaccines are
often presumed to be the cause of the adverse event. In this case,
molecular studies helped clarify the etiology of the paralysis. In
this patient, there was no scientific evidence that vaccine-type
VZV caused the paralysis.
Wild-type VZV DNA was detected in the CSF, and despite
extensive testing, no other pathogens were identified in CSF,
NP, oral, or rectal specimens. The presence of WT VZV DNA
strongly implicates this virus as the likely cause of arm paralysis. Laboratory error or contamination is unlikely because the
virus was found in 2 independent laboratories and in multiple CSF aliquots. Reversion from vaccine strain (vOka) to WT
VZV is highly unlikely given the inherent stability of the VZV
genome [11]. Three genetic mutations, separated by 990 and 859
base pairs, respectively, would have all needed to independently
revert to WT within the short period between vaccination and
acquisition of the test sample (Figure 1). Although a small subset

Figure 1. Location of the ORF62 single-nucleotide polymorphism used to
discriminate vaccine from wild type. Display of varicella-zoster virus ORF62
together with other features found in the sequence immediately flanking
the gene. The gray triangles mark the location of the fixed markers used to
discriminate vaccine virus from wild type at positions 106262, 107262, and
108111 (left to right) and the distances in base pairs between them. The
positions are based on the standard reference genome sequence, Dumas
strain (GenBank accession number: NC_001348.1).

of vaccine viruses may contain 1 of the WT markers, there have
been no isolates identified that contain all of them [12, 13].
Although recombination between WT VZV and vOKA has been
described in vitro [14], it has never been demonstrated in vivo.
Varicella-zoster virus is a neurotropic virus that can infect
neurons and cause them to die. Neurons may also harbor latent
VZV for years and are the only cells that have the ability do so.
During latency, only a few of the 71 genes of VZV are expressed.
When VZV switches from latent infection to lytic infection in
a neuron, most or all VZV genes are expressed, and neurologic
disease associated with VZV is presumed to be a consequence
of damage to neurons and satellite cells. Normal cellular mechanisms and structures would be expected to be disrupted in
this context [15]. Central nervous system complications from
VAR have become less common since VZV vaccination was
instituted, but it remain serious and a leading cause of VZVassociated hospitalization [16–19]. Limb paralysis due to VAR
has been previously described, but this is the first report of limb
paralysis due to proximal axonopathy [19]. The absence of vesicular rash is rare but has been well documented among children
with neurological manifestations of VZV infection [16, 20].
Severe VZV infection most commonly develops in patients with
cell-mediated immunity defects [21–23]. This child had abnormal
VZV-IFNγ responses. A full characterization of cell-mediated
immune responses against Herpesviridae was impossible due to
lack of exposure demonstrated by absence of HSV, CMV, or EBV
antibodies. Lacunar defects in the immune repertoire have been
invoked in cases of severe infections limited to a single agent [24].
This child presented with a neurological illness at the time
there was an epidemiologic cluster of acute flaccid myelitis (AFM) and at the peak of a state- and community-wide
outbreak of EV-D68 [25, 26]. Similarly to our patient, 53 of 56
children in the outbreak with presumed EV-D68 paralysis have
not fully recovered [25]. Nevertheless, it remains unclear what
role, if any, EV-D68 played in our patient’s illness because he
had “serological” evidence of prior (not acute) EV-D68 infection
and no “virological” evidence of acute illness.Widespread seropositivity to EV-D68 in the US population limits its specificity.
Although our patient could clinically fit into the syndromic epidemiological cluster, VZV clearly does not appear to be part of
the large EV-D68 outbreak [25, 27]. This finding is inconsistent
with a prior report indicating an association between EV-D68
in a cluster of 7 of 11 patients with AFM with an abscence of an
alternative diagnosis [28]. We cannot exclude the possibility that
the VZV DNA detected in CSF was due to blood contamination
from a traumatic spinal tap, but we believe that this is unlikely
to have occurred; in addition, blood PCR was not performed.
Clinical Immunization Safety and Assessment Project

Given the severity and unique nature of the patient’s illness
shortly after vaccination, the case was referred to the Centers for
Disease Control and Prevention (CDC)-Clinical Immunization
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Safety and Assessment (CISA) Project for consultation. Advice
from CDC and CISA is meant to assist in decision making,
rather than provide direct patient management.
CONCLUSIONS

The CISA experts agreed that the prepoderance of epidemiological and laboratory evidence indicated that the acute flaccid monoplegia was not caused by VAR and that paralysis was
most consistent with WT VZV infection. A minority of CISA
experts commented that it was not possible to completely
exclude EV-D68 as contributing to the child’s arm paralysis
[25, 26]. Because the child had laboratory evidence of WT VZV
infection, a second dose of VAR vaccine should not be needed.
However, due to the VZV-specific cell-mediated immune defect,
some experts recommended checking VAR titers at 4 years of
age, to evaluate a need for second dose of VAR vaccine.
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