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Atopic disorders are among the most common disorders of

childhood, including atopic dermatitis (AD) and asthma. The

prevalence of AD and asthma in children in the United States

are 17% (1) and 9.1% (2). The etiology of these disorders is

multifactorial, including genetic predisposition, socioeconomic

status, and environmental factors [reviewed in (3–5)].
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Abstract

Background: Wild-type varicella zoster infection (WTVZV) up to 8 yr of age has

been shown to protect against atopic dermatitis (AD) and asthma. We sought to

determine whether WTVZV in childhood protects against atopic disorders, allergic

sensitization or decreases serum Immunoglobulin E (IgE) levels.

Methods: We conducted a retrospective, practice-based study of outpatient pediatric

practices in NY. One hundred children with WTVZV up to 8 yr of age and 323

children who received varicella vaccine (VV) were randomly selected.

Results: WTVZV up to 8 yr of age is associated with decreased odds of subsequent

asthma (exact logistic regression; OR = 0.12, 95% CI = 0.03–0.57, p = 0.003),

allergic rhinoconjunctivitis (OR = 0.16, 95% CI = 0.05–0.49, p = 0.0003), and

AD (OR = 0.57, 95% CI = 0.33–0.96, p = 0.02), but not food allergies

(p = 0.78); decreased total serum IgE levels [mixed linear model, LSM (95% CI):

129.09 (33.22–501.63) vs. 334.21 (102.38–1091.04) IU/ml; p = 0.02] remained signifi-

cant at all time intervals after WTVZV (<5, 5–10, and >10) compared with VV

(p = 0.003–0.03). WTVZV was associated with decreased allergic sensitization

(logistic regression, OR = 0.11, 95% CI = 0.03–0.38, p = 0.0004). WTVZV is also

associated with persistently decreased numbers of peripheral blood lymphocytes

(p < 0.0001) for up to 12 yr (p = 0.0003–0.047), monocytes (p = 0.002) for up to

16 yr (p < 0.001) and basophils at ages 4–6, 10–12, and 14–16 (p < 0.03).

Conclusion: WTVZV up to 8 yr of age protects against atopic disorders, which is

likely mediated by suppression of IgE production and allergic sensitization, as well

as altered leukocyte distributions.

Abbreviations

WTVZV, wild-type varicella zoster virus infection; VV, varicella

vaccine; IgE, Immunoglobulin E; OR, odds ratio; CI, confidence

interval; AD, atopic dermatitis; AR, allergic rhinoconjunctivitis; CBC,

complete blood count; LSM, Least squares mean(s) ; CI95, 95%

confidence interval.
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Recent studies from our group found that a single

WTVZV up to 8 yr old protected against subsequent devel-

opment of AD and asthma (6). These findings are consistent

with the broader hygiene hypothesis, which suggests that

infections and unhygienic exposures in childhood may confer

protection against atopic disorders (7).

It is unknown whether WTVZV, in early or late child-

hood, is similarly protective against allergic sensitization.

Further, few studies have examined the long-term effects of

WTVZV on the immune system. The identification of specific

cellular changes after WTVZV could help elucidate the mech-

anisms for its suppression of AD and asthma.

The effects of the attenuated Oka VZV exposure on cell-

mediated immunity have been studied extensively (8–12).

These studies found that long-term memory T-cell responses

to WTVZV are produced after vaccination. However, the

effects of WTVZV on cell-mediated immunity, including dis-

tribution and function of leukocyte subsets, as well as serum

Immunoglobulin E (IgE) levels and allergic sensitization are

not well defined.

Prior studies found conflicting results regarding the effects

of WTVZV on production of specific IgE (13, 14). Nilsson et

al. (13) found no significant association between WTVZV

and IgE sensitization to specific allergens, while Mommers

et al. (14) reported increased IgE sensitization to specific

allergens after WTVZV. Other authors analyzed the acute

and subacute effects of WTVZV on peripheral leukocyte dis-

tributions (15, 16). However, this study is the first, to our

knowledge, to assess the effects of WTVZV on leukocyte dis-

tributions beyond 2-yr post-infection.

This study was designed to examine the relationship

between exposure to WTVZV in early and late childhood

and atopic disorders and atopy, including serum IgE levels,

allergic sensitization, and leukocyte distributions.

Methods

The study was approved by the institutional review board

for human subjects of the SUNY Downstate Medical Cen-

ter, Brooklyn, NY. This retrospective study examined the

effects of exposure to WTVZV (ICD9: 052.0) infection

occurring up to 8 yr of age. The control group included

children who received varicella vaccine (VV) and did not

have WTVZV. Data were collected from electronic medical

records of outpatient pediatric practices in Brooklyn, New

York, between January 2000 and December 2007. Selection

was performed using a computerized random-number gen-

erator list provided by a statistician who was not involved

in the data collection. Inclusion criteria were children who

received primary care at these practices, male or female,

and age 1–18 yr. Exclusion criteria included the following

medical condition(s): WTVZV after 8 yr of age, history

of atopic disorders prior to WTVZV or VV, history of

autoimmune disorders or immunodeficiency, hyper-IgE

syndrome, hyper-eosinophilic and lymphoproliferative disor-

ders, usage of corticosteroids or immunotherapy, personal

or family history of cigarette smoking, and incomplete fol-

low-up.

Wild-type varicella zoster virus infection

History and date of onset of clinical chickenpox were rou-

tinely screened by a physician to determine eligibility for VV,

by asking parents at well visits and physical exam at all visits.

Date of WTVZV was documented as the date of initial pre-

sentation of symptoms. Previous studies of Silverberg et al.

(6) demonstrated that WTVZV up to 8 yr of age has protec-

tive effects against AD and asthma. Thus, only children with

WTVZV up to 8 yr of age were included.

Varicella vaccine

All patients who did not have history of WTVZV were

given the live attenuated VV (Varivaxª; Merck and Com-

pany, Inc, West Point, PA, USA) according to the recom-

mended schedule of the American Academy of Pediatrics

(AAP) (17). From 1995 to 2006, patients received a single-

dose vaccine; in 2006, the AAP’s two-dose vaccine schedule

was initiated. The first dose was given at 12–15 months of

age. The second dose was given at 4–6 yr of age, but may

have been given earlier provided that it was at least

3 months after the first dose. Children 13 yr or older

received two doses at least 28 days apart according to the

catch-up immunization schedule of the AAP (17). Compli-

ance rates with VV were nearly 100% after 1998 because of

mandatory immunization requirements for entry into New

York City and State schools aside from parents’ beliefs

about vaccination.

Atopic history

At each well visit and sick visit for allergic disease, parents

were routinely asked, as part of review of systems, about

symptoms of allergy affecting the skin, eyes, nose/orophar-

ynx, lower airway and gastrointestinal and any relationship

to environmental and dietary triggers. The children were rou-

tinely examined by a pediatrician, and physical signs of AD,

allergic rhinoconjunctivitis (AR), and wheeze were docu-

mented. Diagnoses of AD, AR, and asthma/wheeze were ini-

tially found by international classification of diseases

version 9 codes (691.8, 477, and 493, respectively) and vali-

dated by chart review of signs and symptoms. Diagnostic

criteria used for AD and asthma were based on Hanifin

and Rajka (18) and the National Heart, Lung, and Blood

Institute guidelines (19), respectively.

Laboratory measures

Specific-allergen IgE and total serum IgE (normal 20–

100 IU/ml) were analyzed in patients with suspected atopy

and/or signs and symptoms of allergic exacerbation of atopic

disorders, including allergic asthma, AR, and AD (Quest

Diagnostics). Complete blood count (CBC, Quest Diagnos-

tics) with differential was ordered as part of routine age-

specific pediatric screening practice (age-specific normal refer-

ence ranges provided in Table S1). Total and specific serum

IgE levels were collected for evaluation of symptomatic
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children with suspected allergies or atopic disorders. Labora-

tory measures ordered during sick visits or 4 wk after

WTVZV, other viral or bacterial infection were excluded

from analysis as acute infection may have affected these

values.

Statistical analyses

The baseline characteristics of those patients with and with-

out WTVZV were examined. Comparisons for categorical

variables were made by chi-square tests. All laboratory values

were not normally distributed as judged by analysis of nor-

mality using Shapiro–Wilk and Kolmogorov–Smirnov tests

(p < 0.01) (20, 21), but were normally distributed after log

transformation. Data are presented as medians, interquartile

ranges (IQRs), and ranges, after exponentiation of estimates.

All tests of significance were two-sided. Statistical analyses

were performed using sas 9.2 Software (SAS Institute Inc.,

Cary, NC, USA).

Logistic regression

The relationships between WTVZV exposure and subsequent

atopic disorders were assessed using logistic regression. For

disorders with few subjects per group (<5), exact logistic

regression was used to calculate p-values. All models included

year of birth (YOB) (continuous), gender (male vs. female),

race/ethnicity (caucasian vs. other), and YOB (continuous).

Adjusted odds ratios (OR), 95% confidence intervals (95%

CI), and p-values for prior WTVZV exposure were calcu-

lated.

As patterns of WTVZV exposure and vaccination were dif-

ferent before and after the introduction of the AAP vaccina-

tion schedule, subset analyses were also performed and

stratified by YOB divided into tertiles.

Mixed linear models

The relationship between repeated laboratory measures and

WTVZV was assessed using mixed linear models (22). Mod-

els were constructed with each log laboratory value as depen-

dent variables and included the entire cohort. Comparisons

of baseline laboratory measures between WTVZV and VV

exposure groups were performed by separate models that

were limited to pre-exposure data.

A categorical variable was encoded for age of laboratory

testing with 2-yr intervals from birth to 16 yr of age. If a

subject had >1 test in a given interval, the test with the clos-

est date to the midpoint of that interval was selected. Thus,

no subject had >1 test per interval; however, some subjects

has no tests per interval, which were treated as missing

values. YOB (continuous) was included as a potential

confounder because most cases of WTVZV occurred before

1998 and all VV occurred after 1998.

A binary variable was encoded in some models to repre-

sent whether prior WTVZV occurred. A categorical variable

was encoded in other models to represent the interval from

prior WTVZV to laboratory testing (0–5, 5–10, >10 yr).

Gender, race/ethnicity, and YOB were included as potential

confounders in adjusted models.

Selection of the best-fitting intra-subject correlation struc-

ture was made by residual analysis and minimizing the

Akaike’s information criterion. Outliers were excluded using

studentized residual and Cook’s distance measures. LSM and

CI95 were generated, which control for other covariates,

including age, gender, race/ethnicity, and YOB. Post hoc

comparisons were made using Tukey’s pair-wise compari-

sons.

Correction for multiple tests (k = 65) with the approaches

of Bonferroni, Benjamini and Hochberg (23), and Benjamini

and Yekutieli (24) yielded critical p-values for statistical sig-

nificance of 0.0008, 0.031, and 0.011, respectively.

Results

Population characteristics

One hundred and sixteen patients with WTVZV exposure

were randomly selected for the study; nine were excluded

because of incomplete follow-up, and seven were excluded

based on exclusion criteria. Three hundred and sixty-one

patients who received VV and without history of WTVZV

were randomly selected as non-exposure controls; Twenty-

one were excluded because of incomplete follow-up, and

SEVENTEEN were excluded based on exclusion criteria.

WTVZV patients were similar to VV patients with respect to

gender (54.0% vs. 52.6%, p = 0.81), race/ethnicity (100.0%

vs. 98.5%, p = 0.21), season of birth (p = 0.42), and other

immunizations being up-to-date (100.0% vs. 98.4%,

p = 0.22). Median ± IQR age at WTVZV exposure was

2.5 ± 1.8 yr, and age at VV was 1.6 ± 1.6 yr (Table 1). This

difference of age is because the majority of WTVZV expo-

sures occurred prior to the AAP guidelines for VV. There-

fore, age at follow-up and YOB were included in statistical

models and/or models were stratified by YOB-tertile to

account for these historical differences.

Association of prior WTVZV and atopic disorders

WTVZV was associated with decreased odds of asthma

(exact logistic regression; aOR = 0.12, 95% CI = 0.03–0.57,

p = 0.003), AR (aOR = 0.16, 95% CI = 0.05–0.49,

p = 0.0003), and AD (logistic regression; aOR = 0.57, 95%

CI = 0.33–0.96, p = 0.02), but not food allergies (p = 0.78)

(Table 2).

In subset analyses stratified by YOB-tertile, estimates for

WTVZV were not estimable for YOB-tertile 1 (2003–2008)

because of the low prevalence of WTVZV infection after

widespread vaccination. However, WTVZV was significantly

associated with decreased AR (aOR = 0.12, 95% CI =

0.02–0.93, p = 0.04), AD (aOR = 0.38, 95% CI = 0.22–

0.67, p = 0.0009), and food allergies (aOR = 0.16, 95% CI

= 0.04–0.73, p = 0.02), but not asthma (not estimable, p =

0.95) for YOB-tertile 2 (1999–2002) and AR (aOR = 0.03,

95% CI = 0.01–0.09, p < 0.0001), asthma (aOR = 0.009,
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95% CI = 0.001–0.06, p < 0.0001), AD (aOR = 0.44, 95%

CI = 0.30–0.64, p < 0.0001), and food allergies

(aOR = 0.09, 95% CI = 0.04–0.19, p < 0.0001) for YOB-

tertile 3 (1989–1998).

Baseline laboratory measures

Mixed linear models were constructed including gender and

race/ethnicity as fixed covariates. The covariance structure

was modeled most efficiently using the compound symmetry

approach for virtually all models, and thus was consistently

used for all models. There were no significant differences in

distributions of peripheral leukocytes (mixed linear model,

p = 0.09–0.88) prior to exposure to WTVZV vs. VV

(Table 1).

WTVZV is associated with decreased total serum IgE levels

WTVZV, compared with no WTVZV exposure, was associated

with subsequently decreased levels of total serum IgE [LSM

(CI95): 129.09 (33.22–501.63) vs. 334.21 (102.38–1091.04) IU/

ml; p = 0.02] (Table 3). Duration of decreased IgE was

assessed by constructing mixed linear models including the

interval from WTVZV exposure to IgE measurement as a fixed

covariate. Serum IgE levels were significantly decreased at all

time intervals after WTVZV (<5, 5–10, and >10) compared

Table 1 Comparison of baseline variables between wild-type varicella zoster virus infection (WTVZV) and varicella vaccine (VV) subjects

Variable WTVZV (n = 100) VV (n = 323) p-value*

Male sex, n (%) 54 (54.0) 170 (52.6) 0.81

Season of birth, n (%)�

Winter 22 (22.0) 79 (24.5) 0.42

Spring 25 (25.0) 102 (31.6)

Summer 27 (27.0) 77 (23.8)

Autumn 26 (26.0) 65 (20.1)

Age at WT VZV infection (yr)� 2.5 (1.8, 6.2) n/a –

Age at first varicella vaccine (yr)� n/a 1.6 (1.6, 15.0) –

Caucasian race, n (%) 100 (100.0) 318 (98.5) 0.21

IUTD, n (%)§ 100 (100.0) 311 (98.4) 0.22

Leukocytes (·103 cells/mm3)** (n = 86)–

7.87 (7.13–8.68)

(n = 321)–

8.33 (8.04–8.63)

0.25

Neutrophils** 3.91 (3.28–4.67) 3.80 (3.57–4.04) 0.74

Lymphocytes** 3.41 (3.02–3.84) 3.38 (3.23–3.53) 0.88

Monocytes** 0.58 (0.46–0.69) 0.64 (0.61–0.67) 0.24

Eosinophils** 0.15 (0.10–0.25) 0.19 (0.17–0.22) 0.39

Basophils** 0.02 (0.02–0.04) 0.04 (0.03–0.04) 0.09

*p-values for the comparison between the WTVZV and VV groups were calculated by chi-square test, as appropriate. �Season of birth:

Winter = December through February; Spring = March through May; Summer = June through August; Autumn = September through

November. �Values are median [interquartile range (IQR), range]. §IUTD – all other immunizations up to date, including hepatitis A virus, hep-

atitis B virus, influenza, inactivated polio vaccine, and measles–mumps–rubella, according to the recommended vaccination schedule of the

American Academy of Pediatrics. –n represents the number of subjects with one or more serum IgE or complete blood count with differen-

tial before exposure to either WTVZV or varicella vaccine. **p-values for the comparison of pre-exposure laboratory values between the

WTVZV and VV groups were calculated by mixed linear models, including age at testing as a fixed covariate. Values are least squares means

(95% confidence interval) adjusted for age at testing.

Table 2 Logistic regression analysis of the effects of prior wild-type varicella zoster virus infection (WTVZV) infection on development of

asthma, atopic dermatitis (AD), allergic rhinoconjunctivitis (AR) and food allergies

Disease Prior WTVZV No prior WTVZV aOR (95% CI)* p-value

Asthma 2 (2.0) 29 (9.0) 0.12 (0.03–0.57) 0.003�

AR 28 (28.3) 133 (41.1) 0.16 (0.05–0.49) 0.0003�

AD 4 (4.0) 38 (11.7) 0.57 (0.33–0.96) 0.02�

Food allergies 5 (5.1) 18 (5.6) 0.80 (0.25–2.59) 0.78�

*All models include age (encoded as ordinal variable with 5-yr intervals), gender, race/ethnicity, and year of birth. �p-values for the compari-

son of prior WTVZV and VV groups were calculated by exact logistic regression models with diagnosis of asthma, AD, AR, or food allergies

as the dependent variables. �p-values for the comparison of prior WTVZV and VV groups were calculated by logistic regression models with

diagnosis of asthma, AD, AR, or food allergies as the dependent variables.
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with VV (p = 0.003–0.03) (Fig. 1). All models included age,

gender, race/ethnicity, and YOB as fixed covariates.

WTVZV is associated with decreased IgE sensitization

WTVZV, compared with no WTVZV, was negatively associ-

ated with allergic sensitization, as judged by at least one posi-

tive specific IgE value (logistic regression, OR = 0.11, 95%

CI = 0.03–0.38, p = 0.0004) (Table 4).

WTVZV decreases numbers of circulating lymphocytes,

monocytes and basophils

WTVZV, compared with no WTVZV exposure, was associ-

ated with subsequently decreased numbers of peripheral

leukocytes [LSM (CI95): 7.00 (5.96–8.23) vs. 8.23

(7.08–9.57) · 103/mm3; p < 0.0001], specifically lymphocytes

[2.65 (2.17–3.23) vs. 3.37 (2.80–4.06) · 103/mm3; p < 0.0001],

and monocytes [0.36 (0.25–0.51) vs. 0.50 (0.36–0.69) · 103/

mm3; p = 0.002] (Table 3). In the case of peripheral basoph-

ils, there was a significant interaction between age of testing

and prior WTVZV, with significantly decreased numbers at

ages 4–6, 10–12, and 14–16 (p = 0.0003–0.03), but not 0–2,

2–4, 6–8, 8–10, or 12–14 (p = 0.07–0.91) (Table 3). However,

there were no significant associations between WTVZV, com-

pared with no WTVZV exposure, and numbers of peripheral

neutrophils (p = 0.85) or eosinophils (p = 0.36) (Table 3).

Duration of decreased numbers of lymphocytes, monocytes,

and basophils was assessed by constructing mixed linear mod-

els including the interval from WTVZV exposure to labora-

tory measurement as a fixed covariate. The association

between WTVZV and subsequently decreased numbers of leu-

kocytes was significant at ages 0–5 (p = 0.0004) and 5–10

(p = 0.001), but not >10 yr post-infection (p = 0.09) (Fig. 2

a). Decreased numbers of lymphocytes remained significant

Table 3 Mixed linear model analysis of the effects of prior wild-type varicella zoster virus infection (WTVZV) infection on serum IgE and leu-

kocyte distributions

Variable Prior WTVZV* No prior WTVZV p-value�

Immunoglobulin E (IU/ml) (n = 10)�

129.09 (33.22–501.63)

(n = 46)�

334.21 (102.38–1091.04)

0.02

Leukocytes (·103 cells/mm3) (n = 96)�

7.00 (5.96–8.23)

(n = 323)�

8.23 (7.08–9.57)

<0.0001

Neutrophils 3.72 (2.88–4.80) 3.76 (2.96–4.76) 0.85

Lymphocytes 2.65 (2.17–3.23) 3.37 (2.80–4.06) <0.0001

Monocytes 0.36 (0.25–0.51) 0.50 (0.36–0.69) 0.002

Eosinophils 0.15 (0.07–0.31) 0.17 (0.09–0.33) 0.36

Basophils at specific ages (yr)–

0–2 71.38 (31.63–161.05) 73.73 (39.66–137.07) 0.91

2–4 92.76 (43.33–198.58) 59.52 (30.99–114.33) 0.07

4–6 38.12 (18.95–76.66) 84.04 (42.74–165.22) 0.0003

6–8 54.58 (27.80–107.18) 57.58 (29.6.59–112.06) 0.77

8–10 59.84 (30.69–116.69) 69.34 (36.47–131.85) 0.33

10–12 46.89 (24.27–90.58) 66.16 (33.85–129.30) 0.04

12–14 52.46 (26.37–103.33) 58.80 (29.53–117.07) 0.58

14–16 53.31 (26.90–105.65) 84.14 (41.92–168.90) 0.03

*Models were constructed with prior WTVZV as a time-dependent covariate, which included subjects that were vaccinated and never had

WTVZV and unvaccinated subjects that were tested prior to exposure to WTVZV. Values are least squares means (95% confidence interval)

adjusted for age at testing, gender, race/ethnicity, and year of birth. �p-values for the comparison of pre-exposure laboratory values between

the WTVZV and varicella vaccine groups were calculated by mixed linear models, including age at testing, gender, race/ethnicity, and year of

birth as fixed covariates. Outliers were excluded by studentized residuals, cook’s distances, and other influence statistics. �n represents the

number of subjects with one or more serum IgE or complete blood count with differential after exposure to either WTVZV or varicella vac-

cine. –Models had significant interaction terms between age of laboratory testing and previous WTVZV, indicating varying effects of WTVZV

on the dependent variable(s) at different time intervals. Therefore, slice analysis is presented for each age interval.

Figure 1 Association of total serum IgE and interval after wild-type

varicella zoster virus infection (WTVZV). Mixed linear models were

constructed with total serum IgE as the dependent variable and

interval after WTVZV as an ordinal variable (0–5, 5–10 and 10–15 yr)

and age of testing, gender, race/ethnicity, and year of birth as fixed

covariates. Least squares means and 95% confidence intervals

were adjusted with the Tukey’s approach. p-values represent com-

parisons between varicella vaccine and the respective interval after

WTVZV.
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for all ages (p = 0.0003–0.047) except 12–14 yr (p = 0.39–

0.43) (Fig. 2e). Decreased numbers of monocytes were signifi-

cant across all time points (p < 0.0001–0.001) (Fig. 2b).

Numbers of basophils were significantly decreased at 4–6 yr

of age 0–5 yr (p < 0.0001), and at 14–16 yr of age >10 yr

(p = 0.04), post-WTVZV (Fig. 2f). In contrast, there were no

significant associations between interval after WTVZV and

numbers of neutrophils (p = 0.30–0.53; Fig. 2c) or eosinoph-

ils (p = 0.54–0.75; Fig. 2d). All models included age, gender,

race/ethnicity, and YOB as fixed covariates.

Discussion

This study demonstrates a strong association between

WTVZV and increased immune tolerance. This study is con-

sistent with, and supported by, a recent case–control study

by Silverberg et al. (6) who reported that WTVZV in children

up to 8–10 yr of age was associated with decreased odds ratio

of developing AD and asthma, delayed onset of AD symp-

tomatology, decreased AD severity, and fewer AD-related

office visits. Similarly, studies of Illi et al. (25) showed that

children with WTVZV by age 3 were less likely to develop

asthma by age 7. This study indicates that WTVZV results in

decreased allergic sensitization, lower serum IgE levels, and

decreased numbers of peripheral blood lymphocytes, mono-

cytes, and basophils.

The results of this study differ from previously published

studies regarding an association between WTVZV and serum

IgE levels. A prospective study of the association between

Epstein–Barr virus and IgE sensitization in Swedish children

at age 24 months found no significant association between

VZV seropositivity (secondary outcome) and IgE sensitiza-

tion (13). A nested case-control study found increased IgE

sensitization to specific allergens after parental reports of

WTVZV in German children aged 7–8 yr (14). While the for-

mer study was prospective, it did not distinguish between

WTVZV and subclinical infection or very mild disease (typi-

cally found in infants) and WTVZV was not the primary out-

come studied; the latter was based on parental questionnaire.

The questionnaire approach has limitations given that there

are clinical mimics of WTVZV, e.g., hand–foot–mouth

disease. Neither study examined the effects of WTVZV for

the decade after infection, comparative age categories of

WTVZV, or whether WTVZV preceded IgE sensitization.

The goal of this study was to elucidate whether WTVZV

can prevent AD and what mechanisms might be implicated.

Thus, subjects with a diagnosis of atopic disorders prior to

WTVZV or VV exposure were excluded as they already had

the outcome of interest. Future studies are warranted to

determine whether WTVZV can suppress AD or other atopic

disorders in children with already diagnosed disease.

Previous studies in our laboratory reported >30%

decrease in serum IgE levels 5 months after shingles infection,

which was accompanied by the presence of specific IgE anti-

VZV antibodies (26). Interestingly, the shingles infection

occurred at age 16, well beyond the window for WTVZV up

to 8–10 yr of age. We posit that the occurrence of shingles,

after WTVZV occurred within the critical 8–10 yr window,

may also allow for another episode of suppression of IgE

production. However, the length of suppression of IgE pro-

duction after WTVZV recurrence has yet to be determined.

This study found persistent decreases in numbers of

peripheral lymphocytes, monocytes, and sometimes basophils.

The decreased numbers of lymphocytes and monocytes are

potentially involved in suppression of serum IgE. Given the

findings of this study, it is possible that these cells are a

potential factor by which WTVZV protects against AD and

asthma. In contrast with the findings of this study, a previous

study of peripheral blood in West African subjects study

found significantly increased numbers of CD4+ and CD8+

T cells during the acute phase of WTVZV (27). This study

only examined leukocyte subsets for up to 2 months after

WTVZV, but found that there were no persistent changes

1 month after WTVZV. Interestingly, their study also found

persistently increased numbers of eosinophils 1 month after

infection. A possible explanation for the difference between

that study and the present study is older age at WTVZV,

ranging from 3 months to 30.3 yr (28) vs. 2 months to 6.3 yr,

respectively. Age of initial infectious and unhygienic expo-

sures has been proposed as a crucial factor to explain the

hygiene hypothesis (7). In line with this hypothesis, we previ-

ously reported that WTVZV in children after age 8–10 yr did

not confer any protection against AD or asthma (6). Given

the exclusion criteria of WTVZV >8 yr of age, the present

study may better detect WTVZV-mediated suppression of

IgE.

The potential mechanism for induction of immune toler-

ance by WTVZV, specifically suppression of IgE production

and decreased numbers of lymphocytes, monocytes, and

basophils remains unknown. However, one possible explana-

tion is that WTVZV directly infects peripheral T cells and

monocytes [see review (29)], resulting in apoptosis of specific

pro-allergic cell subsets (e.g., IL-4 producing Th2 cells).

Other studies in peripheral blood CD8+ T cells from

Table 4 Ordinal logistic regression analysis of the effects of prior wild-type varicella zoster virus infection (WTVZV) infection on allergic sen-

sitization

Specific IgE positivity Prior WTVZV* No prior WTVZV aOR (95% CI) p-value�

Frequency of ‡1 positive test, n (%) 2 (20.0) 31 (73.8) 0.11 (0.03–0.38 0.0004

No. of positive tests – mean ± s.d. 0.6 ± 1.6 3.4 ± 3.3

*Models were constructed with prior WTVZV as a fixed covariate and included age, gender, race/ethnicity, and year of birth. �p-values for

the comparison of pre-exposure laboratory values between the WTVZV and varicella vaccine groups were calculated by ordinal logistic

regression models with number of positive specific IgE tests as the dependent variable.
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subjects with acute herpesvirus infections have demonstrated

a decrease in expression of costimulatory molecules CD28,

CD5, and CD6 and were highly susceptible to apoptosis (30).

A study of patients with herpes zoster found increased

CD4+ T cells at 14–28 days post-infection (16). Alterna-

tively, WTVZV may result in expansion of regulatory and

suppressor T-cell subsets (e.g., IL-10 producing

CD4+CD25+ Tregs and/or Tr1 cells). Previous studies of

the effects WTVZV on cytokine production found increased

levels of IL-4, IL-10, and IFN-gamma in vitro (31), and IL-

10, IL-12, and IFN-gamma in vivo (32). IL-10 has been

shown to induce anergy of allergen-specific peripheral T cells

and to suppress IgE production (33). While the mechanisms

involved are not completely understood, it is likely that

induction of immune tolerance after WTVZV is multifacto-

rial, including a combination of these proposed mechanisms.

Of notable interest, were the persistent baseline changes

of leukocyte distributions after WTVZV compared with VV

cohorts, suggesting that such changes may be related to

the severity of clinical infection, including fever, viral load,

and skin damage with secondary bacterial infections.

Another possible explanation may be virulence factors pres-

ent in the WTVZV strain, which are not present in the

attenuated Oka vaccine strain. This observation has been

documented by others who similarly demonstrated that

Th1 responses induced by microbial infections may coun-

terbalance allergen-induced Th2 responses, which may be a

potential mechanism for the hygiene hypothesis (34–36).

However, we were unable to assess the long-term effects of

VV on leukocyte distributions because there were no

patients who were naı̈ve to VZV antigens, i.e., neither

WTVZV nor VV.

(a) (b) (c) (d)

(f)

(e)

Figure 2 Association of leukocyte distributions and interval after

wild-type varicella zoster virus infection (WTVZV). Mixed linear mod-

els were constructed with cell numbers as the dependent variable

and interval after WTVZV as an ordinal variable (0–5, 5–10 and

10–15 yr) and age of testing, gender, race/ethnicity and year of

birth as fixed covariates. Least squares means and 95% confidence

intervals were adjusted with the Tukey’s approach. Estimates for

(a) white blood cells, (b) monocytes, (c) neutrophils, and (d) eosin-

ophils across all age intervals are presented, as there were no sig-

nificant interaction terms in the model. (e) Lymphocytes and (f)

basophils are presented at each 2-yr age interval, as there was a

significant interaction between these cell types and age of testing.

p-values represent comparisons between varicella vaccine and the

respective interval after WTVZV.
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This study found persistent decreases of numbers of

basophils at some age intervals after WTVZV. It is unclear

what physiologic role basophils play in atopic disorders,

such as AD or asthma. However, basophils have been

shown to release histamine and leukotrienes, as well as IL4

and IL13, which may contribute to Th2 responses and IgE

production [recently reviewed in (37)]. A possible explana-

tion is that WTVZV directly affects basophils, resulting in

decreased numbers or function. These cells, combined with

increased inflammatory cytokine production and possible

increased IgE receptor surface expression, may represent a

novel pathway by which WTVZV protects against atopic

disorders. Alternatively, it is possible that WTVZV

indirectly affects basophils by downregulating cytokines

that contribute to their activation, e.g., IL3, IL5, and GM-

CSF.

This study has several strengths, including clinical screen-

ing by a physician for occurrence of WTVZV that is less

likely to be affected by recall bias. Moreover, given the major

decline of WTVZV in the United States, a retrospective study

was necessary for recruiting adequate numbers of WTVZV

cases. Conducting a prospective study withholding VV from

children against the AAP vaccination schedule would be

unethical. A possible alternative design might be to conduct

a prospective study by following children whose parent(s)

have already refused vaccination, and future studies may

employ this approach.

A number of limitations in our study have to be consid-

ered. The study’s primary limitations are inherent to the ret-

rospective design. IgE levels may have a selection bias,

because they were only collected as part of an evaluation of

patients with signs and symptoms of asthma or atopy. How-

ever, this potential bias would likely have been similar for

both the WTVZV and the VV groups. As the majority of

subjects in the study were Caucasian, the results may not be

generalizable to other racial/ethnic populations. Another limi-

tation is that this study was retrospective; thus, several

important laboratory tests were not assessed, including vari-

cella antibody concentrations, characterization of lymphocyte

and monocyte subsets (e.g., CD4+ vs. CD8+ and

CD4+CD25+ T regulatory cells). Further studies aimed at

such characterization are warranted.

The results of this study suggest that children with

WTVZV are less likely to have allergic sensitization, have

persistently lower total serum IgE levels, and decreased num-

bers of circulating lymphocytes, monocytes, and basophils.

These findings may help explain the protective role of

WTVZV against AD and asthma. WTVZV-mediated sup-

pression of IgE production may be translatable into novel

therapeutic strategies for atopic disorders.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Table S1. Normal Reference ranges for leukocyte differen-

tials.

Please note: Wiley-Blackwell are not responsible for the

content or functionality of any supporting materials supplied

by the authors. Any queries (other than missing material)

should be directed to the corresponding author for the

article.
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  1  

Supplemental Table 1. Normal Reference ranges for leukocyte differentials. 

Variable* 2 wks 2–3 mos 2 yr 6 yr 12 yr 18 yr 
Leukocytes (x 103 cells/mm3) 9.0 – 30.0 5.0 – 19.5 6.0 – 17.0 5.0 – 16.0 4.5 – 13.5 4.5 – 13.0 
 Neutrophils 1.5 – 10.0 1.0 – 8.8 1.0 – 8.5 1.5 – 8.5 1.5 – 8.0 1.8 – 8.0 
 Lymphocytes 2.0 – 17.0 3.3 – 15.0 4.0 – 10.5 2.0 – 8.0 1.5 – 6.5 1.2 – 5.2 
 Monocytes 0.3 – 2.4 0.3 – 2.4 0.2 – 1.0 0.2 – 1.0 0.2 – 1.0 0.2 – 0.9 
 Eosinophils 0 – 900 15 – 800 15 – 700 15 – 600 15 – 600 15 – 500 
 Basophils 0.0 – 0.3 0.0 – 0.3 0.0 – 0.3 0.0 – 0.3 0.0 – 0.3 0.0 – 0.3 

 
* Normal reference ranges are from Quest Diagnostics. 


