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CASE PRESENTATION

Brief History of the Present Illness

A 13-month-old female from New Mexico presented to a
local emergency department with 5 days of fever, diarrhea,
nasal congestion, and cough, 2 days of jaundice, and 1 day
of an erythematous papular rash on her trunk, arms, and
groin. Initial laboratory studies revealed severe macrocytic
anemia, reticulocytosis, and a positive direct Coombs test.
She was hospitalized at a local facility for management of
severe hemolytic anemia. Hemolysis was persistent despite
daily blood transfusions, intravenous immune globulin
(IVIG), and high-dose methylprednisolone. A bone mar-
row aspirate revealed tri-lineage marrow with reactive ery-
throid hyperplasia and absence of blasts. Her rash
subsequently progressed from papules to ulcerated, crusted
lesions. A lesional skin biopsy revealed intranuclear inclu-
sion bodies typical of herpesviridae; therefore, acyclovir
was initiated 3 weeks into her illness. She later developed
encephalopathy characterized by loss of truncal tone and
speech, decreased alertness, and difficulty managing oral
secretions. After 4 weeks of progressive illness, she was
transferred to our facility for further management.

Past Medical History

The patient was previously healthy except for frequent
upper respiratory infections; she had been diagnosed
with “viral-induced wheeze,” which was treated with in-
haled albuterol as needed. Growth and development were
normal. She received all immunizations as per the Advisory
Committee on Immunization Practices recommended
schedule, including the rotavirus series. The following

immunodeficiency; Oka strain; RAG; SCID; Varicella; VZV.

immunizations were administered 3 weeks before her
onset of illness: Haemophilus influenzae type b, hepatitis
A, measles, mumps, and rubella, pneumococcal conjugate,
and varicella.

Key Medications

Upon transfer, she was receiving acyclovir, methylprednis-
olone, and total parenteral nutrition.

Family History

An 8-year-old sister developed H influenzae (serotype un-
known) meningitis at age 12 months, and she recovered
fully except for hearing loss. She had been vaccinated
against H influenzae type b before onset of meningitis.
Epidemiological History

The patient and her family had recently camped recreation-
ally in Texas and Florida, but they had not traveled outside
of the United States. There were no known animal or unusu-
al environmental exposures, insect bites, or sick contacts.
Physical Examination

On admission, temperature was 37.1°C, pulse 123 beats
per minute, blood pressure 134/76 mmHg, and respira-
tions 33 breaths per minute, with oxygen saturation
100% on 2 liters per minute of supplemental oxygen via
nasal cannula. The patient was awake but listless and min-
imally responsive to stimuli. Pupils were equal and reactive;
she did not track the examiner. There were no oral lesions,
but white nonpurulent oral secretions were present. Her
neck was deviated to the right in a dystonic position. She
had no respiratory distress, but rhonchi were present on

lung auscultation. Liver and spleen were palpable 1-2 cm
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below the respective costal margins. Generalized weakness,
head lag, and poor truncal tone were present. She moved
all extremities nonpurposefully. Deep tendon reflexes
were absent. A rash consisting of “punched-out” ulcerated
lesions with overlying serosanguineous crust, 2—-5 mm in
diameter, was present on the trunk, genitalia, and proximal
extremities (Figures 1 and 2).

Initial Laboratory and Radiographic Studies

The total leukocyte count was 12 400/uL, with 77% neu-
trophils, 5% immature neutrophils, 7% lymphocytes, and
11% monocytes; hematocrit 21.8% (reference range |[ref.]
30-41), hemoglobin 7.7 g/dL (ref. 9.5-14), and platelets
346 000/pL. Serum albumin was 3.1 g/dL (ref. 3.4-4.2),
aspartate aminotransferase was 78 U/L (ref. 20-60), ala-

nine aminotransferase was 87 U/L (ref. 5-45), and total
bilirubin was 1.9 mg/dL (ref. 0.2-1.2). The remainder of
a comprehensive metabolic panel was normal. Serum lac-
tate dehydrogenase was 2586 U/L (ref. 500-920), and fer-
ritin was 1310 ng/mL (ref. 10-60).

Figure 2. Rash consisting of “punched-out” ulcerated lesions on the genitalia.
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Cerebrospinal fluid (CSF) cytology revealed 0 leuko-
cytes, 19 erythrocytes, glucose 69 mg/dL (ref. 40-75),
and protein <10 mg/dL (ref. 12-60). Gram stain and cul-
ture of the CSF were negative.

A magnetic resonance image of the brain showed sym-
metric increased T2 signal involving the brachium pontis
bilaterally, extending inferiorly to involve the dorsal me-
dulla and upper cervical spinal cord (Figure 3).

Clinical Course Before Diagnosis

Due to rapidly declining mental status, the patient was in-
tubated soon after transfer. Severe hemolytic anemia per-
sisted, requiring numerous blood transfusions and
treatment with additional methylprednisolone and IVIG.

DISCUSSION

Diagnostic Procedures and Results

A skin lesion was positive for varicella-zoster virus (VZV)
by polymerase chain reaction ([PCR]; Focus Diagnostics
Reference Laboratory, Cypress, CA), and skin and esoph-
ageal biopsies performed before transfer were positive
for VZV by immunohistochemistry. Quantitative PCR
amplified 723 copiess/mL VZV from CSF (Focus).
Ophthalmologic examination revealed corneal dendrites
with features typical of VZV infection. Whole blood
and bronchoalveolar lavage fluid were negative for VZV
by PCR.

Figure 3. Magnetic resonance image of the brain with symmetric increased T2
signal involving the dorsal medulla and upper cervical spinal cord.
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The VZV identified was confirmed to be Oka (vaccine)
strain using 4 real-time Forster Resonance Energy Transfer
PCR protocols targeting vaccine-associated single nucleo-
tide polymorphisms (Centers for Disease Control and
Prevention, Atlanta, GA). In addition, throat swabs ob-
tained 2 months after vaccination were positive for
vaccine-genotype mumps and rubella viruses by PCR.
Throat swab for measles virus was negative.

Immune evaluation showed profound lymphopenia with
markedly low numbers of T cells, B cells, and natural killer
cells (Table 1). Although corticosteroid-induced lympho-
penia was considered, the striking paucity of lymphocytes
prompted concern for primary immunodeficiency. A compre-
hensive severe combined immunodeficiency (SCID) genetic
panel (GeneDx, Gaithersburg, MD) identified compound
heterozygous missense mutations in recombination-
activating gene 2 (RAG2): a known disease-causing muta-
tion and a novel variant.

Treatment and Follow-Up

Due to concern for the development of acyclovir-resistant
VZV, foscarnet was added; however, no clinical response
was observed. After 8 weeks of illness, she suddenly
developed new fever and respiratory distress. During re-
intubation, she developed hypotension and bradycardia
requiring cardiovascular resuscitation. In the setting of on-
going severe hemolytic anemia, rituximab and plasmaphe-
resis were initiated in an effort to halt autoantibody
production and remove previously formed autoantibodies.
Over the next 3 days, hepatic and renal failure as well as
disseminated intravascular coagulation ensued, support
was withdrawn, and the patient died.

Autopsy revealed severe atrophy of the thymus and lym-
phoid depletion of the lymph nodes and spleen (Figure 4).
Gross examination of the spleen and lungs demonstrated
yellow necrotic lesions, forming “puckered” foci of retrac-
tion (Figure 5). Multinucleated giant cells were present in
the lungs (Figure 6), which stained positive for VZV by im-
munohistochemistry. Liver specimens also stained weakly
positive for VZV. Microscopic examination of the brain
showed gliosis of the dorsolateral pons, dorsal medulla,
and dorsal horns of the spinal cord consistent with viral ef-
fect; however, viral culture, immunohistochemistry (VZV),

Table 1. Nadir Lymphocyte Counts During Hospitalization

and PCR (measles, mumps, rubella, and VZV) were
negative.
Diagnosis
This patient developed fatal disseminated Oka strain varicella
disease, likely due to underlying primary immunodeficiency.

Figure 4. Post mortem examination of lymph nodes revealing moderate to severe
lymphoid depletion with absent follicular architecture. Hematoxylin and eosin
stain, 100x.

Figure 5. Post mortem examination of the lungs demonstrating multifocal scar-
like plaques.

Cell Type Marker Nadir Cell Count, Cells/mm? (%) Reference Range, Cells/mm? (%)

Absolute lymphocyte count — 76 1800-9000

T cells CD3 10 (13%) 2100-6200 (53%-75%)
CD4 7 (9%) 1300-3400 (32%—-51%)
CD8 2 (3%) 620-2000 (14%-30%)

B cells CD19 51 (67%) 720-2600 (16%-35%)

Natural killer cells CD16/CDS56 15 (19%) 180-920 (3%-15%)
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Figure 6. Post mortem examination of the lungs displaying multinucleated giant
cells typical of varicella-zoster virus lesions. Hematoxylin and eosin stain, 100x.

Brief Discussion of Differential and Major Teaching Points
of Case

Local or disseminated disease due to Oka strain VZV rare-
ly occurs when the virus reactivates or immediately repli-
cates in a vaccinated patient. Healthy children vaccinated
against VZV develop localized herpes zoster at a rate of
48 cases per 100 000 person-years, 46%—-60% of which
is due to Oka strain [1, 2]. Dissemination of Oka strain
VZV to other organs is extremely rare, with fewer than
20 reported cases in children. Inmunocompetent individu-
als can experience dissemination to the central nervous
system; however, the presentation is typically mild and
recovery is generally complete [3-5]. In immunocompro-
mised patients, disseminated Oka strain VZV can be
severe, resulting in chronic or relapsing rash, hepatitis, me-
ningoencephalitis, central nervous system vasculopathy,
and/or pneumonitis [6-14].

This is the fourth reported pediatric death associated
with Oka strain VZV. The other fatal cases occurred in a
13-month-old female with SCID due to adenosine deami-
nase deficiency, a 15-month-old female with low T-cell
counts but no formal diagnosis of immunodeficiency,
and a child receiving chemotherapy for acute lymphoblas-
tic leukemia [15-17]. Severe Oka strain disease has also
been described in the setting of various forms of SCID,
natural killer T-cell deficiency, DOCKS8 mutation,
human immunodeficiency virus infection, stem cell trans-
plantation, and treatment with prednisone or chemother-
apy [7-14, 18, 19]. In some cases, presentation with
disseminated Oka strain VZV led to the diagnosis of a pre-
viously unrecognized immunodeficiency [10-14, 17]. This
patient demonstrated normal growth and development,
tolerated the rotavirus vaccine series, and had no severe
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or unusual infections before her presentation with Oka
strain VZV disease; therefore, immunodeficiency was not
suspected before administration of live vaccines at
12 months of age.

The RAG2 mutations identified in this patient offer an
explanation for her immunodeficiency. RAG1 and RAG2
encode proteins essential for variability, diversity, and join-
ing (V(D)]) gene segment recombination of T-cell receptors
and immunoglobulins [20]. Null mutations in both alleles
of either RAG1 or RAG2 result in absence of V(D)] recom-
bination, leading to impaired T- and B-cell development
and manifesting as typical SCID. However, a broad range
of clinical phenotypes has been described in association
with the residual recombination activity that occurs in pa-
tients with hypomorphic mutations of RAG1 or RAG2
[21-23]. Autoimmune cytopenias are well described in
patients with RAG mutations; thus, this patient’s severe
hemolytic anemia might be explained by her underlying ge-
netic defects [20,22,24,25]. Alternatively, her autoimmune
hemolytic anemia may have been associated with VZV
infection, as previously described [26,27]. Severe VZV in-
fection has been reported in patients with RAG1 or RAG2
deficiency [22]. In addition to underlying immunodeficien-
cy, the use of corticosteroid therapy may have further con-
tributed to the dissemination of Oka strain VZV.

Although the varicella vaccine is contraindicated for
most patients with known immunodeficiency, its efficacy
and safety profile in immunocompetent children is excel-
lent, and the benefits of the vaccine far outweigh the rare
adverse events that can occur in children with undiagnosed
immunodeficiency [2,28]. Newborn screening for T-cell re-
ceptor excision circles can enable the early identification of
T-cell developmental defects before live virus vaccines are
administered. Unfortunately, such screening was not avail-
able for this patient at birth.
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