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Varicella Vaccine Meningitis
as a Complication of Herpes
Zoster in Twice-Immunized
Immunocompetent Adolescents

Veena Ramachandran, MD1, Stephen C. Elliott, DO, PhD2,
Kathie L. Rogers, PhD3, Randall J. Cohrs, PhD4, Miles Weinberger, MD5,
Wallen Jackson, BA6, John E. Carpenter, PhD6, Charles Grose, MD6 ,
and Daniel J. Bonthius, MD, PhD7

Abstract
Varicella-zoster virus vaccination is recommended for virtually all young children in the United States, Canada, and several other
countries. Varicella vaccine is a live attenuated virus that retains some of its neurotropic properties. Herpes zoster caused by
vaccine virus still occurs in immunized children, although the rate is much lower than in children who had wild-type varicella. It
was commonly thought that 2 varicella vaccinations would protect children against the most serious complication of meningitis
following herpes zoster; however, 2 meningitis cases have already been published. We now report a third case of varicella vaccine
meningitis and define risk factors shared by all 3 immunized adolescents. The diagnosis in cerebrospinal fluid in this third case was
verified by amplifying and sequencing portions of the viral genome, to document fixed alleles found only in the vaccine strain. Viral
antibody was also detected in the cerebrospinal fluid by confocal microscopy. When compared with the other 2 cases, remarkably
all 3 were 14 years old when meningitis occurred. All 3 were treated with intravenous acyclovir, with complete recovery. The
adolescent in our case report also had recurrent asthma, which was treated with both prednisone tablets and beclomethasone
inhaler before onset of meningitis. When the 3 cases were considered together, they suggested that immunity to varicella-zoster
virus may be waning sufficiently in some twice-immunized adolescents to make them vulnerable to varicella vaccine virus reac-
tivation and subsequent meningitis. This complication rarely happens in children after wild-type varicella.
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Meningitis as a complication of herpes zoster is extraordinarily

unusual in immunocompetent children and adolescents who

have had wild-type varicella after their first birthday.1 No cases

of associated meningitis were documented in a 22-year retro-

spective survey of herpes zoster cases in otherwise healthy

children (through age 19 years) seen by pediatricians at the

Mayo Clinic before approval of varicella vaccination.2 In a

prior report, we described 3 children with severe cutaneous

herpes zoster caused by the varicella vaccine virus.3 In this

report, we extend that observation to include an even more

serious and unusual complication of varicella vaccination and

herpes zoster, namely, varicella vaccine meningitis. The live

attenuated varicella vaccine (strain Oka; Varivax) was

approved for administration to children in the United States

by the Food and Drug Administration in 1995.4 Extensive clin-

ical trials had been carried out in both Japan and the United
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States.5 The first trials were carried out in Japan because the

vaccine was developed by the Takahashi virology laboratory in

Osaka.6 The vaccine effectiveness is high, and the disease var-

icella has nearly disappeared from the United States because of

high immunization rates.7,8 The safety profile has also been

excellent.9

The varicella vaccine virus is a live attenuated virus.

Therefore, like its wild-type counterpart, the vaccine virus

can enter neurons after local replication in the skin. The vac-

cine virus can also establish latency in the dorsal root ganglia

and occasionally reactivate to cause herpes zoster.10 Herpes

zoster after varicella vaccination is generally less common

and less severe than herpes zoster after wild-type varicella

disease.11 Vaccine-related herpes zoster can also lead to

meningitis.12,13 Because these earlier cases of varicella vac-

cine meningitis have occurred following herpes zoster in chil-

dren who have received only a single varicella vaccination, it

was thought that 2 varicella vaccinations would effectively

protect against subsequent varicella vaccine meningitis.14

However, we now present the third case of viral meningitis

caused by varicella vaccine virus in a twice-immunized and

otherwise healthy adolescent. We also review the 2 prior var-

icella vaccine meningitis cases in twice-immunocompetent

adolescents, both of which are very similar to our case.15,16

Altogether, these 3 cases elucidate risk factors for varicella

vaccine meningitis in older children who have received 2

varicella vaccinations.

Methods

We measured levels of varicella antibody in cerebrospinal fluid by an

adaption of the varicella fluorescent antibody to membrane antigen

test, in which we substituted confocal microscopy for conventional

fluorescence microscopy.17,18 Confocal microscopy is several-fold

more sensitive than conventional fluorescence microscopy for detec-

tion of antibody. The 3-D confocal images were prepared with the

Imaris software program. Likewise, methods for varicella-specific

sequencing have been described in earlier publications from this vir-

ology laboratory.3,19,20 Our methods follow guidelines among vari-

cella laboratories for identifying fixed alleles specific to the genome of

the varicella vaccine virus (strain Oka).21-24 Briefly, the cerebrospinal

fluid sample was stored frozen after aliquots were removed for the

initial screening tests (cell count, glucose, protein, bacterial culture,

screening PCR). Subsequently, the sample was thawed for the first

time in order to perform partial sequencing of the viral genome known

to be present in cerebrospinal fluid after the varicella-positive screen-

ing PCR test.

Because the varicella open reading frame (ORF) 62 contains the

most single nucleotide polymorphisms specific to the vaccine strain,

regions of ORF62 were PCR-amplified from the sample of cerebrosp-

inal fluid using previously described primers and the Expand Hi Fide-

lity DNA polymerase (Roche Diagnostics, 11732641001).25 The PCR

amplicons were then sequenced by Sanger methodology at the Uni-

versity of Iowa Core Facility. The generated sequences were then

aligned to either the varicella wild-type reference sequence (Dumas,

GenBank X04370.1) or the varicella vaccine virus sequence (vOka,

Genbank AB097932) to provide a consensus sequence using a locally

written computer program.

Results

Illustrative Case Report.

The patient was a 14-year-old female adolescent admitted to

hospital in 2019 because of increasingly severe headaches. The

headaches were accompanied by dizziness, nausea, vomiting,

and confusion. When she first presented in the emergency

department late in the evening, she was noted to be febrile. Her

weight was 72 kg, with a body mass index of 23. A complete

blood cell count and metabolic panel were unremarkable. A

head computed tomogram was performed and read as normal.

Thereafter, a lumbar puncture was performed, with the

following results on cerebrospinal fluid: colorless; protein,

132 mg/dL; glucose, 45 mg/dL; red blood cells, 5/mm3; and

nucleated cell count, 775/mm3, with 82% lymphocytes. A Bio-

fire Filmarray encephalitis/meningitis multiplex panel test on

the cerebrospinal fluid was positive for varicella-zoster virus.

Within 12 hours after admission, therapy with intravenous acy-

clovir (30 mg/kg/d) was initiated. Later in the same day, a small

cluster of vesicles was observed over her right knee (see Dis-

cussion and Figure 2, panel C). Fluid from one vesicle was

tested by Focus Integrated Cycler for both herpes simplex virus

and varicella virus DNA; only varicella was positive. Head

magnetic resonance imaging was performed and was normal

except for increased enhancement along the leptomeningeal

surface, consistent with meningitis.

On further questioning after admission, the patient revealed

that she had been having intermittent but less severe headaches

as well as abdominal pain and back pain for 2 weeks. She had

gone to a different medical clinic, where a computed tomogram

of the abdomen/pelvis with contrast was performed 10 days

before the current admission. That scan did not show any

abnormalities. During her hospitalization, she completed a

7-day course of intravenous acyclovir, followed by 2 weeks

of valacyclovir tablets (1 g thrice daily), with complete reso-

lution of symptoms.

Her past medical history was also notable for recurrent bouts

of asthma since age 3 years; the asthma attacks were induced

by viral respiratory infections. Because of continued exacerba-

tions up to the present time, she was intermittently using an oral

metered-dose inhaler of beclomethasone (80 mg twice daily).

Four weeks before her current admission, her asthma worsened

and she had sought treatment at a third medical facility. At that

clinic, prednisone tablets 20 mg daily for 5 days were pre-

scribed. She had never taken prednisone tablets in the past.

Four days later, she refilled her prescription for the beclo-

methasone inhaler, which she had continued to use until admis-

sion to the hospital.

She had received all recommended childhood immuniza-

tions, including a live attenuated varicella vaccine at ages 1

and 5 years. She had received a measles-mumps-rubella vacci-

nation on the same 2 days. Neither she nor her mother recalled

any family member with varicella or herpes zoster rashes in the

month preceding onset of meningitis. Therefore, there was no

possibility of a recent transmission of varicella vaccine virus to

the adolescent. Also see further information in the Discussion.
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One month after discharge, she returned for an immunology

evaluation. Serum levels of immunoglobulins IgM, IgA, and

IgG were within normal limits, as were levels of the 4 IgG

subclasses. Similarly, the levels of IgG antibodies to both teta-

nus toxoid and diphtheria toxoid were within normal ranges for

a child who had previously received 4 tetanus-diphtheria-

pertussis vaccinations. The total serum complement level was

normal. The B-cell phenotyping profile for immunodeficiency

and immune competence assessment was normal. The percen-

tages of CD3, CD4, CD8, and CD16 þ CD56 lymphocytes

were normal by flow cytometry analysis. Likewise, a CD8

immune competence assessment was normal as measured by

gamma interferon level and CD107a/CD107b markers. All

immunology testing was performed by Mayo Medical Labora-

tories, Rochester, MN.

Varicella Antibody in Cerebrospinal Fluid

In prior studies, the presence of varicella antibody in cerebrosp-

inal fluid has been a sensitive indicator of central nervous

system infection, sometimes more sensitive than measuring

varicella DNA.26-28 To confirm the result of the multiplex

assay, we tested for varicella antibody in the cerebrospinal fluid

of our patient and the test was positive (Figure 1). Four repre-

sentative images are shown in panels A to D; arrows designate

the presence of fluorescent-labeled varicella antibody in the

cerebrospinal fluid reacting with virus-infected cells. Panels

A and B include 2-D images and panels C and D include

renderings of 3-D images; panels E and F are positive and

negative control images, respectively.

Viral Sequencing Data

The commercial Biofire Filmarray screening test of cerebrosp-

inal fluid is both sensitive and specific.29 The test was positive

for varicella DNA. However, the test kit does not differentiate

wild-type from vaccine-type varicella strains. Therefore, fur-

ther sequencing was necessary to amplify specific varicella

genes in the cerebrospinal fluid sample. The viral genome con-

tains around 70 individual genes. A very informative sequence

is ORF62, because there are several single nucleotide poly-

morphisms in ORF62 that are always found in vaccine-type

ORF62 genes but are never found in wild-type varicella ORF62

genes.30,31 The viral sequencing data demonstrated that the

patient’s isolate was vaccine-type and not wild-type. For exam-

ple, the polymorphism at nucleotide position 107252, which is

always found in vaccine-type virus but never in wild-type

virus, was present in the viral DNA of our patient.21 Thus, our

varicella sequencing results confirmed that the vaccine strain

was responsible for the meningitis. These results were very

similar to those previously reported in cases from 2017 and

2019 (Table 1).

Figure 1. Detection of antibody to varicella virus in the cerebrospinal fluid of meningitis case. The patient’s antibody that attaches to virus-
infected cells is stained fluorescent green; these positive areas are designated by yellow arrows (A-D). Positive and negative controls (E, F).
Nuclei within the cells are stained dark blue (For interpretation of the references to colours in this figure legend, refer to the online version of
this article).
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Comparison With 2 Prior Cases.

Based on our review of the literature, we have diagnosed the

third case of varicella vaccine meningitis in a twice-

immunized immunocompetent adolescent. There are strik-

ingly similarities among the 3 cases, as shown in Table 1.

First, all 3 patients were aged 14 years.15,16 Second, the 3

patients have likely had latent vaccine virus in their dorsal

root ganglia for 13 years, since their first varicella vaccina-

tion. Third, 2 of the 3 patients had herpes zoster in their lower

extremities. Note that we did not include another patient

described in reference 16, because that patient was immuno-

compromised when he developed herpes zoster. As mentioned

in the Introduction, we also did not include any meningitis

cases that occurred in children who had received only 1 var-

icella vaccination.

Most varicella vaccinations in children under the age of

2 years are administered by injection into the thigh. Thus,

the location of herpes zoster in our patient’s lower extre-

mity was most likely secondary to local viral replication in

the thigh following her initial varicella vaccination and

subsequent orthograde transport of vaccine virus via sen-

sory nerves to lumbar dorsal root ganglia innervating the

L2-L4 dermatomes, followed by re-emergence of the virus

in the lower extremity years later. The location of thoracic

herpes zoster following immunization is easily explained,

based on early data from Japan that showed about a 50%
likelihood of viremia after the first varicella vaccination.32

During the viremia, the virus either directly entered thor-

acic dorsal root ganglia after exiting their segmental artery

blood supply or the virus exited capillaries beneath the

truncal skin and caused a few tiny unrecognized vesicles

with sequent spread of virus to thoracic dorsal root

ganglia.

Discussion

In a Medline literature search between 1960 and 2004, we

found 1 case report of herpes zoster meningitis in an otherwise

healthy 12-year-old boy who had had wild-type varicella and

no varicella vaccination.1,2 We now present data from 3

patients described in Table 1, suggesting that some vaccine

recipients who have received 2 varicella vaccinations begin-

ning after their first birthday already are exhibiting waning

immunity by age 14 years, sufficient to allow reactivation with

varicella vaccine meningitis as a complication of herpes zoster.

The phenomenon that twice-immunized children could lose

immunity within 9-10 years after their second immunization

had not been anticipated. But there are similarities to laboratory

findings in older adults who have herpes zoster. Clinical studies

performed decades ago in the United States and Finland

revealed that 38% to 46% of adult herpes zoster patients will

have a pleocytosis in the cerebrospinal fluid, an inflammatory

response highly suggestive of viral meningitis.33,34 In the 3

cases of vaccinated adolescents (Table 1), all 3 patients had

headache and all 3 had pleocytosis with detectable varicella

DNA in the cerebrospinal fluid. We know that vaccine virus

reactivates less frequently than wild-type virus,11,35 but we

may never know the percentage of children with abnormal

cerebrospinal fluid values after vaccine-related herpes zoster

without clinical meningitis.

In our patient, one prior risk factor came to particular atten-

tion. The patient has had a diagnosis of asthma since 2007 and

frequently used bronchodilating inhalers, but never systemic

corticosteroids until 2019. She exhibited the most common

clinical asthma phenotype with bronchial hyperresponsiveness

following viral respiratory infection.36 We have shown an

increased risk of herpes zoster in children with asthma, irre-

spective of inhaled corticosteroid usage37,38; most of these

children would have had wild-type varicella. In our 2019

report of 3 cases of severe herpes zoster caused by varicella

vaccine virus, one of the 3 children developed asthma after he

recovered from the shingles.3 Other groups have shown an

increased risk of herpes zoster in both children and adults with

asthma.39-42 In our current case, a precipitating risk factor for

herpes zoster may have been the addition of prednisone tablets

to her standard inhaled beclomethasone regimen for treatment

of recurrent asthma. There was no information about an asthma

history in the other 2 case reports (Table 1).

Systemic corticosteroid regimens have been known to pre-

cipitate herpes zoster in children with cancer and other chronic

diseases since the 1950s.43,44 Based on studies examining the

risk of herpes zoster in patients being treated for various rheu-

matologic diseases, dosages of prednisone of over 7.5 mg per

day were sufficient to increase the likelihood of developing

herpes zoster.45-47 Many of these children with chronic rheu-

matologic diseases were taking prednisone for long periods.

However, some of the cases of herpes zoster occurred within

weeks of starting prednisone therapy.48 Of further interest,

data from the older literature suggests that children with

asthma who were recently treated with corticosteroids were

Table 1. Prominent Features Among 3 Immunized and
Immunocompetent Adolescents With Varicella Vaccine Meningitis
and Herpes Zoster.

Category Current Case
Case

Ref 15
Case

Ref 16

Geography Des Moines, IA Boston, MA Seattle, WA
Gender Female Female Male
Age 1st vaccine, y 1.3 1.5 *1
Age 2nd vaccine, y 5 12 4
Age of meningitis, y 14 14 14
Location of zoster L4 T5 L1/L2
Years after 1st vaccine 13 13 13
Years after 2nd vaccine 9 2 10
CSF screening PCR Yes Yes Yes
CSF cell count 775 568 140
CSF VZV antibody Yes Not done No
Acyclovir IV, d 7 7 7
Valacyclovir, d 14 14 0
Follow-up Yes No Yes

Abbreviations: CSF, cerebrospinal fluid; IV, intravenous; PCR, polymerase chain
reaction; VZV, varicella zoster virus.

892 Journal of Child Neurology 35(13)



particularly vulnerable to adverse events following primary

varicella infection.49-51 In spite of the concerns listed in the

preceding sentences, we note that the dosage of prednisone

received by our patient was not high when her weight was

taken into consideration.

Further, we propose a pathogenesis model for varicella vac-

cine meningitis, based not only on a varicella animal model52

but also on data from a closely related herpesvirus of swine,

namely, pseudorabies virus (Figure 2). Zosteriform rashes dur-

ing pseudorabies disease are secondary to virus traveling in itch

and pain sensory fibers.53 In our adolescent patient, vaccine

virus entered the dorsal root ganglia after the first varicella

vaccination at age 1 year (A). At age 14 years, vaccine virus

acquired at age 1 year reactivated from latency (B) and traveled

in sensory fibers to both the skin over the right leg (C) and also

to the gray matter of the adjacent spinal cord.54 Viral replica-

tion in the spinal cord led to meningitis (D). We postulate that

rapid initiation of intravenous acyclovir therapy may have pre-

vented a progression from meningitis to meningoencephalitis

(E). Finally, although this report is meant to raise awareness of

varicella vaccine meningitis, we note the rarity of this neuro-

logic infectious disease in the United States.

Author Contributions

VR, SCE, KLR, and MW provided clinical management; WJ, JEC,

and CG carried out the virology assays and prepared the figures; RJC

reviewed the methodology from the virology assays; VR, CG, and

DJB prepared the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the

research, authorship, and/or publication of this article: Research by

Dr Grose is funded in part by NIH grant AI153817, which supports

research to advance vaccine safety.

ORCID iD

Charles Grose, MD https://orcid.org/0000-0001-6884-6668

Ethical Approval

This case study was approved by the University of Iowa Institutional

Review Board, Iowa City, IA, USA.

References

1. Jhaveri R, Sankar R, Yazdani S, Cherry JD. Varicella-zoster

virus: an overlooked cause of aseptic meningitis. Pediatr Infect

Dis J. 2003;22(1):96-97.

2. Guess HA, Broughton DD, Melton LJ 3rd, Kurland LT. Epide-

miology of herpes zoster in children and adolescents: a

population-based study. Pediatrics. 1985;76(4):512-517.

Figure 2. Model for pathogenesis of varicella vaccine meningitis following herpes zoster in an immunized adolescent. This figure includes a
photo of the herpes zoster rash on the right leg of our case of meningitis (panel C). DRG, dorsal root ganglia.

Ramachandran et al 893

https://orcid.org/0000-0001-6884-6668
https://orcid.org/0000-0001-6884-6668
https://orcid.org/0000-0001-6884-6668


3. Moodley A, Swanson J, Grose C, Bonthius DJ. Severe herpes

zoster following varicella vaccination in immunocompetent

young children. J Child Neurol. 2019;34(4):184-188.

4. Gershon AA. Varicella vaccine: its past, present and future.

Pediatr Infect Dis J. 1995;14(9):742-744.

5. White CJ, Kuter BJ, Hildebrand CS, et al. Varicella vaccine

(VARIVAX) in healthy children and adolescents: results from

clinical trials, 1987 to 1989. Pediatrics. 1991;87(5):604-610.

6. Takahashi M. Effectiveness of live varicella vaccine. Expert Opin

Biol Ther. 2004;4(2):199-216.

7. Grose C. Varicella vaccination of children in the United States:

assessment after the first decade 1995-2005. J Clin Virol. 2005;

33(2):89-95; discussion 96-98.

8. Leung J, Marin M. Update on trends in varicella mortality during

the varicella vaccine era-United States, 1990-2016. Hum Vaccin

Immunother. 2018;14(10):2460-2463.

9. Galea SA, Sweet A, Beninger P, et al. The safety profile of var-

icella vaccine: a 10-year review. J Infect Dis. 2008;197(suppl 2):

S165-S169.

10. Lawrence R, Gershon AA, Holzman R, Steinberg SP. The risk of

zoster after varicella vaccination in children with leukemia.

N Engl J Med. 1988;318(9):543-548.

11. Harpaz R, Leung JW. The epidemiology of herpes zoster in the

United States during the era of varicella and herpes zoster vac-

cines: changing patterns among children. Clin Infect Dis. 2019;

69(2):345-347.

12. Levin MJ, Dahl KM, Weinberg A, Giller R, Patel A, Krause PR.

Development of resistance to acyclovir during chronic infection

with the Oka vaccine strain of varicella-zoster virus, in an immu-

nosuppressed child. J Infect Dis. 2003;188(7):954-959.

13. Gilden DH, Mahalingam R, Cohrs RJ, Tyler KL. Herpesvirus

infections of the nervous system. Nat Clin Pract Neurol. 2007;

3(2):82-94.

14. Horien C, Grose C. Neurovirulence of varicella and the live atte-

nuated varicella vaccine virus. Semin Pediatr Neurol. 2012;19(3):

124-129.

15. Chen YC, James A, Kung E, Madhavan V. A case of herpes zoster

and meningitis in a twice-vaccinated healthy adolescent. J Pediatr

Infect Dis. 2017;12:142-144.

16. Harrington WE, Mato S, Burroughs L, et al. Vaccine Oka vari-

cella meningitis in two adolescents. Pediatrics. 2019;144(6).

17. Gershon A, Steinberg S, Greenberg S, Taber L. Varicella-zoster-

associated encephalitis: detection of specific antibody in cere-

brospinal fluid. J Clin Microbiol. 1980;12(6):764-767.

18. Jackson W, Yamada M, Moninger T, Grose C. Visualization and

quantitation of abundant macroautophagy in virus-infected cells

by confocal three-dimensional fluorescence imaging. J Virol

Methods. 2013;193(1):244-250.

19. Faga B, Maury W, Bruckner DA, Grose C. Identification and

mapping of single nucleotide polymorphisms in the varicella-

zoster virus genome. Virology. 2001;280(1):1-6.

20. Chow VT, Tipples GA, Grose C. Bioinformatics of varicella-

zoster virus: single nucleotide polymorphisms define clades and

attenuated vaccine genotypes. Infect Genet Evol. 2013;18:

351-356.

21. Schmid DS. Varicella-zoster virus vaccine: molecular genetics.

Curr Top Microbiol Immunol. 2010;342:323-340.

22. Tseng HF, Schmid DS, Harpaz R, et al. Herpes zoster caused by

vaccine-strain varicella zoster virus in an immunocompetent reci-

pient of zoster vaccine. Clin Infect Dis. 2014;58(8):1125-1128.

23. Depledge DP, Kundu S, Jensen NJ, et al. Deep sequencing of viral

genomes provides insight into the evolution and pathogenesis of

varicella zoster virus and its vaccine in humans. Mol Biol Evol.

2014;31:397-409.

24. Tyler SD, Peters GA, Grose C, et al. Genomic cartography of

varicella-zoster virus: a complete genome-based analysis of strain

variability with implications for attenuation and phenotypic dif-

ferences. Virology. 2007;359(2):447-458.

25. Cohrs RJ, Gilden DH, Gomi Y, Yamanishi K, Cohen JI. Compar-

ison of virus transcription during lytic infection of the Oka par-

ental and vaccine strains of Varicella-Zoster virus. J Virol. 2006;

80(5):2076-2082.

26. Bieger RC, Van Scoy RE, Smith TF. Antibodies to varicella

zoster in cerebrospinal fluid. Arch Neurol. 1977;34(8):489-491.

27. Echevarria JM, Casas I, Tenorio A, de Ory F, Martinez-Martin P.

Detection of varicella-zoster virus-specific DNA sequences in

cerebrospinal fluid from patients with acute aseptic meningitis

and no cutaneous lesions. J Med Virol. 1994;43(4):331-335.

28. Nagel MA, Forghani B, Mahalingam R, et al. The value of detect-

ing anti-VZV IgG antibody in CSF to diagnose VZV vasculopa-

thy. Neurology. 2007;68(13):1069-1073.

29. Eichinger A, Hagen A, Meyer-Buhn M, Huebner J. Clinical ben-

efits of introducing real-time multiplex PCR for cerebrospinal

fluid as routine diagnostic at a tertiary care pediatric center.

Infection 2019;47(1):51-58.

30. Davison AJ, Scott JE. The complete DNA sequence of varicella-

zoster virus. J Gen Virol. 1986;67(pt 9):1759-1816.

31. Gomi Y, Sunamachi H, Mori Y, Nagaike K, Takahashi M, Yama-

nishi K. Comparison of the complete DNA sequences of the Oka

varicella vaccine and its parental virus. J Virol. 2002;76(22):

11447-11459.

32. Ozaki T, Masuda S, Asano Y, Kondo K, Namazue J, Yamanishi

K. Investigation of varicella-zoster virus DNA by the polymerase

chain reaction in healthy children with varicella vaccination.

J Med Virol. 1994;42(1):47-51.

33. Gold E. Serologic and virus-isolation studies of patients with

varicella or herpes-zoster infection. N Engl J Med. 1966;274(4):

181-185.

34. Haanpaa M, Dastidar P, Weinberg A, et al. CSF and MRI findings

in patients with acute herpes zoster. Neurology. 1998;51(5):

1405-1411.

35. Sadaoka T, Depledge DP, Rajbhandari L, Venkatesan A, Breuer J,

Cohen JI. In vitro system using human neurons demonstrates that

varicella-zoster vaccine virus is impaired for reactivation, but not

latency. Proc Natl Acad Sci U S A. 2016;113(17):E2403-E2412.

36. Weinberger M. Pediatric bronchial hyperresponsiveness and

asthma phenotypes. Ann Allergy Asthma Immunol. 2018;121(4):

387-388.

37. Kim BS, Mehra S, Yawn B, et al. Increased risk of herpes zoster in

children with asthma: a population-based case-control study.

J Pediatr. 2013;163(3):816-821.

894 Journal of Child Neurology 35(13)



38. Juhn YJ. Risks for infection in patients with asthma (or other

atopic conditions): is asthma more than a chronic airway disease?

J Allergy Clin Immunol. 2014;134(2):247-257; quiz 258-259.

39. Chen SJ, Huang KH, Tsai WC, Lin CL, Cheng YD, Wei CC.

Asthma status is an independent risk factor for herpes zoster in

children: a population-based cohort study. Ann Med. 2017;49(6):

504-512.

40. Kawai K, Yawn BP. Risk Factors for herpes zoster: a systematic

review and meta-analysis. Mayo Clin Proc. 2017;92(12):

1806-1821.

41. Forbes HJ, Bhaskaran K, Thomas SL, Smeeth L, Clayton T, Lan-

gan SM. Quantification of risk factors for herpes zoster: popula-

tion based case-control study. BMJ. 2014;348:g2911.

42. Esteban-Vasallo MD, Dominguez-Berjon MF, Gil-Prieto R,

Astray-Mochales J, Gil de Miguel A. Sociodemographic charac-

teristics and chronic medical conditions as risk factors for herpes

zoster: a population-based study from primary care in Madrid

(Spain). Hum Vaccin Immunother. 2014;10(6):1650-1660.

43. Good RA, Smith RT, Vernier RL. Serious untoward reactions to

therapy with cortisone and adrenocorticotropin in pediatric prac-

tice. II. Pediatrics. 1957;19(2):272-284.

44. Bacon GE, Oliver WJ, Shapiro BA. Factors contributing to sever-

ity of herpes zoster in children. J Pediatr. 1965;67(5):763-771.

45. Pappas DA, Hooper MM, Kremer JM, et al. Herpes zoster reacti-

vation in patients with rheumatoid arthritis: analysis of disease

characteristics and disease-modifying antirheumatic drugs.

Arthritis Care Res (Hoboken). 2015;67(12):1671-1678.

46. Ferreira JC, Marques HH, Ferriani MP, et al. Herpes zoster infec-

tion in childhood-onset systemic lupus erythematosus patients: a

large multicenter study. Lupus. 2016;25(7):754-759.

47. Zamora LD, Collante MTM, Navarra SV. Risk factors for herpes

zoster infection among Filipinos with systemic lupus erythema-

tosus. Int J Rheum Dis. 2020;23(2):197-202.

48. Yang SC, Lai YY, Huang MC, Tsai CS, Wang JL. Corticos-

teroid dose and the risk of opportunistic infection in a national

systemic lupus erythematosus cohort. Lupus. 2018;27(11):

1819-1827.

49. Haggerty RJ, Eley RC. Varicella and cortisone. Pediatrics. 1956;

18(1):160-162.

50. Silk HJ, Guay-Woodford L, Perez-Atayde AR, Geha RS, Broff

MD. Fatal varicella in steroid-dependent asthma. J Allergy Clin

Immunol. 1988;81(1):47-51.

51. Wu CT, Tsai SC, Lin JJ, Hsia SH. Disseminated varicella infec-

tion in a child receiving short-term steroids for asthma. Pediatr

Dermatol. 2008;25(4):484-486.

52. Kinchington PR, Goins WF. Varicella zoster virus-induced pain

and post-herpetic neuralgia in the human host and in rodent ani-

mal models. J Neurovirol. 2011;17(6):590-599.

53. Grose C, Enquist LW. The round trip model for severe herpes

zoster caused by live attenuated varicella vaccine virus. J Med

Virol. Published online January 13, 2020. doi:10.1002/jmv.

25664

54. Todd AJ. Neuronal circuitry for pain processing in the dorsal

horn. Nat Rev Neurosci. 2010;11(12):823-836.

Ramachandran et al 895



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


