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A Short Burst of Oral Corticosteroid for Children
with Acute Asthma: Is There an Impact on Immunity?
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Background: We wished to examine the impact of a short course of oral corticosteroids on the immune function
of children with acute asthma and explore the mechanism of immune suppression, if any.

Methods: We conducted a prospective cohort study of children aged 3-17 years presenting with acute asthma to
the emergency department. The exposure of interest was a short course of systemic corticosteroids. In emergency
department, corticosteroid-treated and nonexposed children were immunized with 3 antigens, namely, a
neoantigen (Bacteriophage ¢X 174) and 2 recall antigens (diphtheria and tetanus). After 541 weeks, children
were reimmunized with Bacteriophage ¢X 174. Antibody titers were measured 1, 2 (peak), and 5 weeks after the
primary immunization, and 1 week (peak) after the secondary one.

Results: We enrolled 41 children, 27 treated with and 14 unexposed to oral corticosteroids. Corticosteroid-treated
children displayed an 85% lower adjusted total (IgG and IgM) peak titers to the primary Bacteriophage im-
munization compared to controls [ratio of geometric means (95% confidence interval): 15% (5% to 43%)]. There
were no group differences in the rise of diphtheria or tetanus antibodies. After the secondary Bacteriophage
immunization, corticosteroid-treated patients showed no significant group difference in peak total titers [ratio of
geometric means (95% confidence interval): 1.84% (0.66%, 5.10%)], amplification and absolute, and percent IgG
titers as compared to unexposed children.

Conclusions: In children with acute asthma, a short course of oral corticosteroids may be associated with
depressed immune response to a new antigen, with recovery within 6 weeks and no apparent impact on
response to known antigens.

Introduction

NATIONAL AND INTERNATIONAL consensus guidelines
on pediatric asthma recommend the use of systemic
corticosteroids in the initial management of acute asthma
unresponsive to inhaled bronchodilators.'” The efficacy of
systemic corticosteroids in reducing both the risk and the
duration of hospital admission in children with acute asthma
has been clearly demonstrated.’* Yet, their safety profile
continues to raise concerns among parents and physicians.
Previous studies have confirmed an impact on bone meta-
bolism and bone mineral density, but no sustained effect on
adrenal function in children receiving up to 11 short courses
per year.”® The possibility of severe immunosuppression
was evoked by fatal varicella in an asthmatic child who re-

ceived a short course of oral corticosteroids during the in-
cubation period and who has no demonstrable varicella
antibody titers.”

Recent evidence suggests that even a short course of
systemic corticosteroids may decrease cellular and humoral
immunity in immunocompetent children. Indeed, nonspe-
cific suppression of lymphocyte counts and immunoglobu-
lins were documented within 2 weeks of initiating a short
course of systemic corticosteroids.*'* In previously vacci-
nated children, breakthrough varicella infection has been
associated with a recent short course of systemic steroids."
However, cohort studies have reported no apparent group
differences in the antibody response to influenza vaccine
between children with acute asthma treated and those not
treated with oral corticosteroids."*'> Two case-control
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studies yield conflicting conclusions about the relationship
between oral corticosteroids and the risk of severe varicella,
thus failing to elucidate the issue.'®"”

The objective was to evaluate the impact of a short course
of systemic corticosteroids on the functional integrity of
humoral immunity in children with acute asthma by quan-
tifying the primary and secondary antibody responses to a
neoantigen (ie, an antigen not previously encountered by the
child) and the antibody response to recall (ie, known) anti-
gens, administered concurrently with oral corticosteroids.

Materials and Methods
Study design and setting

We conducted a prospective cohort study of children who
presented with acute asthma to the emergency department
(ED) of a tertiary care pediatric hospital. The protocol was
approved by the Scientific and the Institutional Review
Boards of the Montreal Children’s Hospital. The U.S. Food
and Drug Administration and the Health Canada’s Health
Protection Branch specifically allowed the use of Bacter-
iophage X 174 for this protocol to assess the immune re-
sponse under the US. Food and Drug Administration
Investigational new drug number #5760. Informed consent
was obtained from parents and assent was obtained from
children aged 7 years and older.

Subjects

Children between 3 and 17 years of age were eligible if they
presented during the study period with a clinical diagnosis of
asthma,'® required at least 1 nebulization of albuterol, had a
good understanding of English or French, and had received at
least 4 diphtheria and tetanus immunizations. The decision to
administer prednisone/prednisolone [usually 1 mg/kg (max-
imum: 50mg) for 5 days] was left to the discretion of the ED
physician in face of suboptimal response to bronchodilators.'
Children prescribed oral corticosteroids constituted the ex-
posed group; those not so prescribed served as controls. Pa-
tients were excluded if they had fever in the preceding 12 h;
coexisting acute respiratory illness; recent exposure to varicella;
other chronic lung or immunologic disease; intake of systemic
corticosteroids or >50 g of dermatological corticosteroids in the
preceding 28 days; admission to the intensive care unit; or re-
cent (<3 months) immunization with a diphtheria or tetanus-
containing vaccine.

Immunization protocol

At the index visit in the ED, children received Bacter-
iophage ¢X 174 administered intravenously (2x10° plaque-
forming units PFU/Kg of body weight) and an intramus-
cular injection of the tetanus-diphtheria vaccine (0.5mL of
d,Ts, ie, 2 Lf units of diphtheria and 5 Lf units of tetanus
toxoid; Aventis Pasteur, Toronto, Canada); a second Bacter-
iophage immunization took place 5+1 weeks after enroll-
ment (Fig. 1). Bacteriophage ¢X 174 is recognized as a
sensitive T cell-dependent neoantigen to quantify the pri-
mary and secondary antibody responses in patients with
inherited and acquired immunodeficiency disorders.'®>
Antibody titers were measured 1, 2 (peak), and 5 weeks after
the primary immunization, and 1 week (peak) after the sec-
ondary one.
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Study endpoints

The clearance of Bacteriophage ¢X 174 from the serum
was determined 1 week after the initial immunization, by an
agar overlay method.'”*® The primary antibody response
was determined by the total (IgM and IgG) specific immu-
noglobulins measured at 14 +2 days and by the rise from
baseline over the initial 14 days, after initial immunization.
The secondary response was documented at 7+2 days
(peak) after the booster immunization by the: (a) total (IgM
and IgG) Bacteriophage-specific antibodies,'® (b) specific IgG
titer, (c) fold increase in titers between the peak primary and
secondary response representing amplification, and (d) per-
cent IgG antibodies [ratio of IgG/(IgG and IgM)].***” Total
antibody titers to Bacteriophage ¢X 174 were determined by
a neutralizing assay and expressed as the rate of phage in-
activated over time (K value, Kv).%” Neutralizing antibodies
resistant to 2-mercaptoethanol were considered to be IgG.*
The serum samples were stored at —70°C until analysis at the
University of Washington, Seattle. The results were inter-
preted by one of the authors (HO) blinded to the exposure
status.”

IgG antibodies to tetanus and diphtheria were measured
using antigen-specific enzyme-linked immunosorbent assay
test (Scimedx Corp., Denville, NJ).?* A normal booster re-
sponse was operationally defined as a 10-fold or greater in-
crease from baseline in antidiphtheria and antitetanus toxoid
antibodies.’® In a secondary analysis, we excluded patients
with baseline values >11U/mL to minimize the underesti-
mation of the titer increase due to the upper detection limit of
the enzyme-linked immunosorbent assay (5IU/mL). These
assays were performed at the Montreal Children’s Hospital
and were interpreted by one of the authors (B.D.M.) blinded
to the exposure status.

The severity of the index exacerbation in each patient was
assessed by the intensity of treatment received in the ED,
disposition, and, at the time of immunization, by the oxygen
saturation and the Pediatric Respiratory Assessment Mea-
surement, a validated 12-point asthma score.®! We evaluated
asthma control over the previous month using the Asthma
Quiz for Kidz,* and health care services utilization in the
preceding 12 months. Nasopharyngeal secretions were cul-
tured for common respiratory viruses. We documented ex-
posure to, and doses of, all glucocorticoid preparations in the
6 months before and 6 weeks after enrollment, including
those dispensed by pharmacies, administered in hospital,
and/or recorded in the patients” diaries.

Statistical analyses

With 36 patients enrolled in a 2:1 exposed:unexposed
ratio and a 2-sided o of 0.05, the power for detecting a ratio
of geometric means of 115%, equivalent to 0.2 standard de-
viation, in peak IgM and IgG antibodies following the sec-
ond Bacteriophage immunization was 80%, assuming a
coefficient of variation of 10%.%® Exposed patients who re-
ceived <3 doses of oral corticosteroids were excluded.
Controls who subsequently received oral corticosteroids
were analyzed until corticosteroid use.

All titers were log-transformed and tested for normality
assumption. After analysis, titers were converted to non-
logarithmic form and reported as geometric means with the
95% confidence interval (CI). Differences in proportion were
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Timeline Index ED visit

FIG. 1. The exposure was a

Exposure Status
Short course of systemic steroids g
No systemic steroids
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Bacteriophage ¢y-174 T
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Bacteriophage ¢y-174 1gM and I2G \’ V ‘J

Diphtheria and tetanus IgG \’

5-day course of oral corti-
costeroids. All exposed (double-
headed arrows) and unexposed
(dashed line) patients were im-
munized with Bacteriophage
X 174 (arrow) and the tetanus-
diphtheria (D,Ts) vaccine (arrow)
at the index visit, and re-
immunized with bacteriophage
(arrow) 5 £+ 1 weeks later. Blood
samples (check signs: /) for
bacteriophage titers were col-
T lected at enrollment, at 7+2
and 14+2 days after the pri-
mary immunization, before
and 7+2 days after the sec-
ondary immunization; blood
samples for diphtheria and
tetanus were collected at en-
rollment and at the time of the
second immunization.

weeks|

examined with the chi-square test or Fisher’s exact test, as
appropriate. Group differences in continuous outcomes were
adjusted using multivariate linear models using backward
stepwise regression (entry: P < 0.20; exit:P > 0.05). Covariates
that produced a 10% of greater change in treatment effect
were deemed confounders and kept in the model. The titer
rise from baseline following immunization was analyzed
using repeated measures ANOVA.

Because of the expected confounding by indication where
patients with severe exacerbations were more likely to re-
ceive oral corticosteroids, we used propensity scores to balance
the baseline differences in the exposed and unexposed
groups.** The propensity score, representing the child’s
baseline probability of receiving or not oral corticosteroids,
was derived from a backward logistic regression. All models
included the propensity score and were adjusted for con-
founders and the following candidate covariates: age, gen-
der, race, lot, delay between immunizations, ED visits in the
preceding year, viral infection, and inhaled corticosteroid use
in the preceding 6 months, the preceding 72h, and during
the next 6 weeks. Unless otherwise specified, values are
presented as median (interquartile range). Data were ana-
lyzed with SAS software, version 9.2 (SAS Institute, Cary,
NC). A P value <0.05 was indicative of statistical
significance.

Results

Of the 466 children approached, 41 were not screened and
249 failed to meet the eligibility criteria, resulting in 176 el-
igible patients. Nonparticipants were comparable to partici-
pants in gender, race, and health care resource utilization in
the preceding year, with the exception of younger age [8
(4,12) versus 13 (8,15) years, P <0.001). Forty-one patients
were enrolled: 27 in the corticosteroid-exposed group and 14
in the control group. All patients” data were analyzed until

endpoint, with complete data obtained in 37 participants
(Fig. 2).

As expected, children who received oral corticosteroids
were sicker: they required more prolonged and intensive
treatment with albuterol and a higher proportion required
hospital admission than controls (Table 1). By the time they
were immunized though, a median of 4.5h (1.8, 17) after the
initial dose of systemic corticosteroids, they displayed a de-
gree of airway obstruction and oxygenation similar to con-
trols. Inhaled corticosteroids were prescribed more
frequently (81% versus 50%) in the oral corticosteroid group
than in the control group, with 14 (52%) versus 4 (29%) pa-
tients received high doses (>800 ug/day) of CFC-propelled
beclomethasone or equivalent. Respiratory viruses were
isolated in 2 (exposed) of the 25 patients in whom an ade-
quate nasopharyngeal aspirate was obtained: one was posi-
tive for the respiratory syncytial virus and another harbored
both an adenovirus and rhinovirus; both children were
asymptomatic within 48h of enrollment. The propensity
score model, which included age, ethnic group, PRAM score,
and use of inhaled corticosteroids in the preceding 72h, re-
moved all baseline group differences.

All children appropriately cleared Bacteriophage within 7
days. Eight patients (32%) in the corticosteroid-exposed
group compared to 2 (14%, P =0.3) in the unexposed group
displayed an unadjusted peak primary response at 2 weeks
below 2 standard deviations of the reference values, that is,
in the range observed with immune deficiency. Similarly 7
(29%) exposed children versus 2 (15%) unexposed children
displayed an abnormally low peak total (IgG and IgM) titers
1 week following the secondary immunization (Fig. 3A).
After adjustment for propensity score, corticosteroids expo-
sure, and age, the 2-week peak titers to primary Bacter-
iophage immunization remained significantly lower in the
corticosteroid-exposed group than in controls with a ratio of
geometric means of 15% (95% CI: 5%, 43%) (Fig. 3B).
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Not screened (N=41)
Absent legal guardian (N=11)
Insufficient French or English language skills (N=18)

Approached
(N=466)

Refusal to answer questions (N=12)

Screened for eligibility

(N=425)
Excluded (N=249)
First wheezing illness (N=33)
No confirmed asthma reported by parents (N=53)
Index exacerbation not requiring a nebulization of albuterol (N=16)
Coexisting acute illness (N=103)
Coexisting chronic illness (N=3)
Intake of systemic steroids in preceding 28 days (N=24)
Intake of more than 50 g of topical steroids in preceding 28 days (N=1)
Intake of nasal steroids in preceding 6 months (N=1) *
Treatment of index exacerbation with high dose (>1000 ug) of inhaled
budesonide (N=3) *
Admission to intensive care unit (N=2)
Less than 4 diphtheria-tetanus (dT) immunisations (N=3)
Last dT immunisation <3 months prior to enrollment (N=7)
Eligible
(N=176)
Refused consent: 77% (N=135)
Enrolled
(N=41)
Unexposed Exposed
(N=14) (N=27)
I |
Withdrawals Withdrawals
(N=1) (N=3)
| [
Completed Completed
(N=13) (N=24)

FIG. 2. This figure depicts the patient selection. To maximize generalizability of findings, 2 exclusion criteria identified by
an asterisk (*), namely, intake of nasal corticosteroids in the preceding 6 months and use of 1000 mcg/day or more of
beclomethasone dipropionate or equivalent for the treatment of the index exacerbation, were dropped after approaching the
first 50 patients. The participation rate was 24%. Of the 41 patients enrolled, 1 child in the control group was withdrawn after
receiving oral corticosteroids after the index visit and 3 exposed subjects were removed: 1 failed to complete the course of
corticosteroids, 1 had a vagal reaction during the primary Bacteriophage injection, and 1 presented with pneumonia and
acute asthma at the time of the second immunization. Complete data were obtained from 37 participants.

One week postsecondary immunization, however, there
was no statistically significant group difference in the peak
total (IgG and IgM) titers, after adjustment for propensity
score and peak titers after primary immunization (Fig. 3B).
There was also no significant group difference in the other
markers of the response to the secondary immunization,
that is, total and percent IgG titers, and amplification, with
most values in the expected range of normal in both
groups]9 (Table 2). Of note, no markers of acute asthma
severity appeared as significant predictor of peak im-

mune response following both the first and secondary
immunization.

There was no overall group difference in the rise in an-
tibodies to diphtheria or tetanus, although there was a trend
toward more exposed patients with a questionable response
to tetanus antigen (Table 3). No group differences were ob-
served when excluding patients with high baseline values for
change in diphtheria and tetanus.

No patient experienced serious health events. Following
immunizations, 18% of patients experienced an adverse
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TABLE 1. CHARACTERISTICS OF PARTICIPANTS

Oral steroid, n=27  No oral steroid, n=14 P value

Demographics
Gender (male), median (25%, 75%) 10 (37%) 6 (43%) 0.72
Age (years), median (25%, 75%) 13 (8, 16) 11.5 (7, 14) 0.42
Race, n (%)
Caucasian 18 (67%) 10 (71%) 0.89
Black 6 (22%) 2 (15%)
Others 3 (11%) 2 (14%)
Number of prior diphtheria—tetanus immunizations, 55, 5) 5(5,5) 0.66

median (25%, 75%)
Asthma morbidity

Asthma Quiz for Kidz score® in past 7 days, median (25%, 75%) 42,4 2(2,4) 0.48
Acute care visits in past 12 months, median (25%, 75%) 1(0, 3) 2(1,3) 0.30
One or more hospital admissions for asthma, 1 (%) n=27 n=11 1.00
9 (33%) 3 (27%)
Medication in previous 6 months n=26 n=14
Inhaled corticosteroids, 1 (%)° 9 (35%) 2 (14%) 0.27
Short course of systemic corticosteroids, n (%)° 9 (35%) 3 (21%) 0.48
Inhaled corticosteroids in 72 h before immunization, 1 (%)% 9 (35%) 4 (29%) 0.70
Treatment of the index exacerbation
Duration of active treatment (hours), median (25%, 75%) 5(3,17) 2(2,2.3) 0.005
# of albuterol treatments, median (25%, 75%) 4.5 (3, 13) 2(1,3) 0.002
# of anticholinergic treatments, median (25%, 75%) 0(0,3) 0(0,0) 0.06
Systemic corticosteroids, 1 (%) 27 (100%) 0 (0%) —
Daily dose (mg of prednisone), median (25%, 75%) 50 (40, 50) — —
Daily dose/kg (mg of prednisone), median (25%, 75%)° 0.9 (0.7, 1.1) — —
Cumulative number of days, median (25%, 75%)f 5 (4, 6) — —
Status at time of immunization
Delay since triage (hours), median (25%, 75%) 5.0 (3, 17) 2.3 (2.1, 2.8) 0.005
Pediatric respiratory assessment measure, median (25%, 75%)® 2(1,4) 25(2,4) 0.27
Oxygen saturation, 1 (%)
>95% 21 (78%) 8 (57%) 0.25
92%—-94% 5 (18%) 6 (43%)
<92% 1 (4%) 0 (0%)
Disposition
Hospital admission, 1 (%) 10 (37%) 0 (0%) 0.009
Discharge medications
Inhaled corticosteroids, n (%) n=26 n=14 0.04
21 (81%) 7 (50%)
Daily dose (ug), median (25%, 75%) n=21 n=7 0.57
988 (800, 1000) 833 (200, 1200)
Duration (days), median (25%, 75%) 21 (13, 41) 15 (4, 31) 0.33
Nasal corticosteroids, 1 (%) n=26 n=14 1.00
2 (8%) 1 (7%)
Topical corticosteroids, n (%) 1 (4%) 1 (7%) 1.00

Values are reported as number (percentage) of children or median (25%, 75%).

A Vazlgidated self-assessment measure of asthma control on a score of 0 (best) to 6 (worst), based on the number of indicators of poor
control.

PPercentage of children with >1 prescription served by the pharmacy in the past 6 months. The cumulative or daily dose of inhaled
corticosteroids could only be estimated for the small fraction of patients with >2 prescriptions and hence was not reported.

“Percentage of children with >1 prescription served by the pharmacy in the past 6 months. No child received more than 1 short course of
systemic corticosteroids.

dPercentage of children with intake of inhaled corticosteroids as reported by parents.

“Because of the maximum daily dose of 50 mg, the median (25%, 75%) daily dose/kg for children who weighed >50kg was 0.8 (0.5, 0.9)
mg; for those <50kg, 1.2 (1.1, 1.2) mg. The dose of dexamethasone used in a single patient was converted to prednisone-equivalent using the
conversion factor of 0.66.

fAll patients but 4 patients received 1 course of oral corticosteroids. Between the 2 immunizations, 3 received a second course at 10, 17, and
34 days, respectively; a fourth received 2 additional courses (at 25, 42 days).

A validated 12-point pediatric asthma severity score based on oxygen saturation, suprasternal retractions, air entry, wheezing, and scalene
retraction (0 =normal, 12 =most severe).?
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FIG. 3. The total (IgG and
IgM)  Bacteriophage-specific
antibodies following primary
and secondary immunizations
(arrows) are presented for
children exposed to oral cor-
ticosteroids (solid circle) and
not exposed (open circle). Ti-
ters are expressed as the first-
order rate constant of phage
inactivation (K value, Kv) de-
rived by a standard formula.
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event; an exposed adolescent with fear of needles displayed a
vasovagal reaction following the Bacteriophage injection, 5 (4
exposed and 1 unexposed) had an injection-site reaction and
1 exposed, a local reaction to the tourniquet.

Discussion

In this challenging protocol, we immunized acutely ill
asthmatic children with a neoantigen (Bacteriophage ¢X 174)

and 2 recall (diphtheria-tetanus) protein antigens. Children
exposed to oral corticosteroids displayed a significantly
lower peak antibody response following the primary im-
munization with Bacteriophage ¢X 174. However, the com-
parable bacteriophage-specific titers following the second
immunization in children exposed to oral corticosteroids and
those not exposed support the absence of a sustained im-
munosuppression. The similar and normal response to recall
antigens (d,Ts) supports an adequate memory response to
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TABLE 2. SECONDARY IMMUNE RESPONSE TO BACTERIOPHAGE ¢X 174

Oral steroid,
n=24

No oral steroid,
n=13

Ratio of geometric
means (95% CI)

Mean group difference
(95% CI)

Total IgG and IgM,

geometric mean (95% CI)
IgG, geometric mean (95% CI)
Adequate amplification,

% (95% CI)*
Ratio of IgG/(IgG +IgM),

% (95% CI)

347 (209, 578)

49 (25, 99)
78% (49%, 106%)

26% (16%, 35%)

189 (89, 403)

27 (9, 80)
56% (24%, 89%) —

19% (9%, 29%) —

1.84% (0.66%, 5.10%)° —

1.84% (0.40%, 8.54%)° —
22% (—26%, 69%)3

7% (—8%, 22%)°

All titers are expressed as the rate of phage inactivated over time (K value, Kv).

Adjusted for propensity score and peak primary response in total IgG and IgM (R* = 0.57).

P Adjusted for propensity score, age, delay between immunizations, and peak primary response in total IgG and IgM (R* =0.69).
‘Greater than a 2-fold increase in peak titers following the second immunization, as compared to following the first immunization.
9Adjusted for propensity score, lot, heart rate, cumulative dose of inhaled glucocorticoids during the study, and peak primary response in

total IgG and IgM (R*=0.39).

°Adjusted for propensity score, lot, number of courses of steroids in the preceding 12 months, and daily dose of inhaled glucocorticoids

during the study (R”=0.49).
ClI, confidence interval.

known antigens, even when exposure occurred during a
burst of oral corticosteroids. The findings suggest a transient
immune suppression occurring in some children who are
concomitantly exposed to a new antigen and systemic cor-
ticosteroids during an asthma exacerbation, with recovery
within 6 weeks.

The depressed antibody response to the primary Bacter-
iophage immunization is in line with the previously reported
nonspecific suppression of serum immunoglobulins 2 weeks
after systemic corticosteroids in normal volunteers and
adults with acute asthma.”'''? A normal response involves
the recognition, uptake, and processing of the antigen by B
cells, presentation of the antigen to effector T cells, and
stimulation of antigen-specific B cells to proliferate and be-

TaBLE 3.

come IgM-secreting and/or memory B cells. Several hy-
potheses may thus explain the observed depression. First, it
may be due to increased catabolism and decreased synthesis
of immunoglobulins.” Second, the findings may be mediated
by a specific steroid-induced suppression of T helper cells
whose function is to induce B cells to develop into antibody-
secreting memory B cells and plasma cells,* explaining the
suppression of the primary response with a normal second-
ary response.* Finally, as per Kurashima and colleagues’
observation, naive T helper cells appear more sensitive to
corticosteroids than memory T-cells.*” This would account
for the selective suppression of the primary response to a
neoantigen (Bacteriophage) in presence of normal response
to recall diphtheria and tetanus antigens.

IMMUNE RESPONSE TO RECALL PROTEIN ANTIGENS

Oral steroid,

No oral steroid, Ratio of geometric

n=26 n=14 means (95% CI) P value
Diphtheria n=23 n=13
Magnitude of response
% adequate (>10-fold increase) 8 (35%) 4 (31%) 1.00%
% questionnable (3-10-fold increase) 8 (35%) 5 (38%)
% abnormal (<3-fold increase) 7 (30%) 4 (31%)
Fold increase in titers (geometric mean, 95% CI)
All patien’csb 5.9 (3.2, 11.0) 6.8 (2.8, 16.7) 87% (25%, 299%) 0.82
n=17 n=9
Excluding patients with high baseline values® 10.1 (5.6, 18.2) 11.3 (4.7, 27.4) 89% (27%, 295%) 0.85
Tetanus n=24 n=13
Magnitude of response
% adequate (>10-fold increase) 12 (50%) 7 (54%) 0.07°
% questionnable (3-10-fold increase) 9 (38%) 1 (8%)
% abnormal (<3-fold increase) 3 (13%) 5 (38%)
Fold increase in titers (geometric mean, 95% CI)
All patients® 10.7 (4.6, 24.9) 8.7 (2.3, 32.1) 123% (20%, 770%) 0.82
n=16 n=3_8
Excluding patients with high baseline values® 20.7 (11.1, 38.7) 419 (15.5, 113.7) 50% (13%, 191%) 0.29

AP value for Fisher’s exact test.

P Adjusted for propensity score, cumulative dose of inhaled glucocorticoids during the study (R*=0.07).
“Adjusted for propensity score, cumulative dose of inhaled glucocorticoids during the study (R>=0.13).
9Adjusted for propensity score, delay between the immunizations (R*=0.13).

Adjusted for propensity score (R*=0.10).
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The peak titers following the second immunization is the
most sensitive measure of a sustained immunodeficiency to a
neoantigen as it directly document the integrity of humoral
immunity and indirectly that of T-cell function. A normal
response implies expansion of memory B cells, isotype
switching to IgG resulting in the amplification of titers; these
processes are T cell dependent.**” In this study, a 5-day
course of oral corticosteroids has no prolonged impact on
humoral immunity as the exposed group displayed no sta-
tistically significant difference in titers, memory, amplifica-
tion, and IgG isotype conversion to the control group. Our
findings concur with 2 controlled studies examining the
impact of oral corticosteroids on antigen-specific antibodies
in children with acute asthma, where there were no group
differences in antibody titers to an injection of influenza
vaccine in the ED.'*'® In these studies, though, the propor-
tion of children naive to the antigen (ie, with low pre-
vaccination titers) was small, precluding any firm conclusion
regarding the response to a new antigen but supporting our
findings of an adequate response to recall antigens (diph-
theria and tetanus).

The initial impetus for the study was generated by case
reports of severe or fatal varicella in immunocompetent pa-
tients receiving systemic corticosteroids.”*® While Patel and
collaborators concluded to the absence of relationship be-
tween corticosteroid exposure and severe varicella,'® Dowell
and colleagues reported a strong association (odds ratio: 178,
95% CI: 59, 541).17 Of interest, the latter group identified the
time proximity (ie, within 14 days) between corticosteroid
intake and onset of the rash as a major determinant of the
increased risk of severe infection, lending support to our
findings.'” The lack of a close time proximity between ex-
posure and infection would also explain the similar 12-
month rate of infections in children previously exposed or
not to oral corticosteroids.”® Our findings complements the
accrued evidence, suggesting that a short course of oral
corticosteroids may transiently blunt the primary humoral
response to, and perhaps augment the severity of, a con-
current infection occurring in close time proximity with one
another.

Yet, despite widespread use of oral corticosteroids for
treating acute childhood asthma,’ the rate of severe infec-
tions remains rare. This may be explained by an increased
risk possibly restricted to infectious agents to which the child
is naive; the decreasing number of varicella-susceptible
children since implementation of the vaccine®'; the minimal
impact of a transient decrease in immunoglobulins in pres-
ence of intact cellular immunity—which acts as primary
defense against viruses; and a narrow window of vulnera-
bility. Before prescribing systemic steroids, though, it would
appear prudent to systematically enquire about recent
exposure to new antigens in live vaccines (eg, as the measles-
mumps-rubella) or contagious diseases (eg, measles, vari-
cella, and hepatitis).** If systemic corticosteroids are deemed
necessary despite a recent varicella exposure, susceptibility
to varicella (by history or laboratory testing) should be as-
sessed and preventive strategies implemented. Vaccination
with varicella should be recommended for all susceptible
asthmatic children.

The results must be interpreted in light of the following
limitations. In the absence of an effective substitute for oral
corticosteroids, the study could not ethically be conducted as
a randomized, controlled trial. Due to the demanding pro-
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tocol, only a quarter of eligible subjects were enrolled, raising
the issue of selection bias. As parents hesitated to subject
young children to repeated injections, the participants were
generally older than nonparticipants. Moreover, the groups
differ at baseline in age, asthma severity, inhaled cortico-
steroids, and possibly in other unknown characteristics. Al-
though exposed children were younger, most depressed
responses were observed in older subjects. Although not
previously reported and despite propensity score, we cannot
exclude the possibility that the lower primary response may
be caused in part by greater asthma severity in the cortico-
steroid-exposed group. However, the absence of depressed
immunoglobulin titers in patients with acute severe asthma
not treated with corticosteroids and the similar suppression
in patients with acute asthma and in healthy volunteers re-
ceiving corticosteroids suggest that the effect is independent
of asthma severity.”!*™'® Exposed children received inhaled
corticosteroids more often and in higher doses than controls.
Yet, the growing literature documenting normal cellular®®
and humoral immunity'*>>** despite high doses of inhaled
corticosteroids supports the absence of an association with
the immune response. Although systemic corticosteroids
were administered in an open-label fashion, objective mea-
surements of antibody titers interpreted by authors blinded
to the exposure reasonably argue against observer bias. Our
small sample size provided insufficient power to identify
small group differences, thus preventing firm conclusions on
the adequacy of the secondary response or patient charac-
teristics that may modulate the observed risk. Having ex-
amined T cell-dependent protein antigens, our results may
not apply to polysaccharide or non-T cell-mediated antigens.
The immunosuppressive properties of other corticosteroid
(such as dexamethasone) were not assessed. Finally, Bacter-
iophage ¢X 174 provided only an indirect assessment of
cellular immunity, which remains the first line of defense of
viral infections, including protection against severe varicella
infections.*

Because of contraindications to immunization with coex-
isting fever or pneumonia, 41% of children were excluded.
Consequently, the results apply primarily to afebrile children
receiving a 5-day course of oral prednisolone in the treat-
ment of an asthma exacerbation.

Our results support the possibility of a transient immune
suppression when systemic steroids are administered while
the child is mounting a primary immune response to a new
antigen, with no sustained immunosuppression. The results
deserve confirmation with specific attention to clarifying the
timing and duration of the period of increased vulnerability
and the characteristics of children at increased risk.

Acknowledgments

We are indebted to the children and their families, and
David McGillivray and Dominic Chalut, directors of the ED,
who supported this study. We thank the following research
personnel for their precious contribution: Sabrina Drudi,
Dina Della Rocca, Mireille Tehbelian, and Zachary Schwartz
for their perseverance in recruiting and following eligible
patients and for diligent data entry; the nurses Francine
Proulx, Dina Della Rocca, Jeff Shanski, and Natalie Mendes
and the medical technologist Danielle McKenna for per-
forming the immunizations and/or home visits for blood
sampling; and Linyan Meng for graphic conception. We



IMPACT OF ORAL CORTICOSTEROIDS ON IMMUNITY IN CHILDREN

thank Diane Newby (virology laboratory) and Carol Fascia
(endocrinology and immunology laboratories) for handling
and analyzing the specimens; Marguerite L. Young from the
immunology laboratory at University of Washington for the
analysis and interpretation of the bacteriophage specimens;
Lynian Ming and Marilyse Julien for statistical and graphic
assistance; and Sofia Bamboulas and Janine Dumont for
secretarial support. We thank David McGillivray and Hema
Patel for their editorial suggestions.

This work was supported by Grants # 6605-4341-401 from
the National Health Research and Development Program of
Canada and # 990792-104 from the Fonds de la Recherche en
Santé du Québec. Francine Ducharme had a salary award as
National Scientist of the Fonds de la Recherche en Santé du
Québec and a McGill William-Dawson Scholarship award.

Contributions

Francine M. Ducharme conceived the protocol, secured
funding, coordinated the acquisition of data, monitored the
quality and analysis of the data, interpreted the results, and
wrote the article. Sandy Resendes coordinated the data col-
lection and management. Xun Zhang analyzed the data with
the assistance of Marilyse Julien; Hans Ochs provided the
bacteriophage, supervised the analysis of bacteriophage-
specific antibodies, and interpreted the data; Bruce Mazer
assisted in the protocol conception, supervised the analysis
of diphtheria & tetanus-specific titers, and interpreted the
data. All authors approved the final version. Francine
Ducharme had full access to all the data and takes respon-
sibility for the integrity of data and the accuracy of data
analysis.

Author Disclosure Statement

None of the authors have any conflict to declare as it
relates to this article.

References

1. Global Initiative for Asthma (GINA). Global strategy for asthma
management and prevention, 2008 (available at www
.ginasthma.org, accessed August 10, 2010).

2. Expert Panel Report 3: Guidelines for the Diagnosis and Man-
agement of Asthma. Bethesda, MD: National Asthma Education
and Prevention Program No. 07-4051. National Institutes of
Health, 2007 (available at www .nhlbinih.gov/guidelines/asthma/
asthgdIn.htm, accessed August 14, 2010).

3. Smith M, Igbal SMSI, Rowe BH, N'Diaye T. Corticosteroids for
hospitalised children with acute asthma.

Sustematic Repiezps 2003, Issue 1, Art. No.: CD002886. DOI:
10.1002/14651858.CD002886.

4. Rowe BH, Edmonds ML, Spooner CH, Diner B, Camargo CAJ.
Corticosteroid therapy for acute asthma. Respir Med 2004;
98:275-284.

5. Ducharme FM, Chabot G, Polychronakos C, Glorieux F, Mazer
B. Safety profile of frequent short courses of oral glucocorticoids
in acute pediatric asthma: impact on bone metabolism, bone
density, and adrenal function. Pediatrics 2003; 111:376-383.

6. Kelly HW, Van Natta ML, Covar RA, Tonascia ], Green RP,
Strunk RC. Effect of long-term corticosteroid use on bone min-
eral density in children: a prospective longitudinal assessment in
the childhood Asthma Management Program (CAMP) study.
Pediatrics 2008; 122:e53—e61.

7. Kasper W], Howe PM. Fatal varicella after a single course of
corticosteroids. Pediatr Infect Dis ] 1990; 9:729-732.

251

8. Coburg AJ, Gray SH, Katz FH, Penn I, Halgrimson C, Starzl TE.
Disappearance rates and immunosuppression of intermittent
intravenously administered prednisolone in rabbits and human
beings. Surg Gynecol Obstet 1970; 131:933-942.

9. Butler WT, Rossen RD. Effects of corticosteroids on immunity in
man. . Decreased serum IgG concentration caused by 3 or 5
days of high doses of methylprednisolone. [ Clin Invest 1973;
52:2629-2640.

10. Van Schoor ], Toogood JH, Pauwels RA. Short courses of high-
dose inhaled budesonide and serum IgG subclass levels in
healthy volunteers. ] Allergy Clin Immunol 1996; 97:113-118.

11. Posey WC, Nelson HS, Branch B, Pearlman DS. The effects of
acute corticosteroid therapy for asthma on serum immunoglob-
ulin levels. LAllerese Clin Tamaungl 1978; 62:340-348.

12. Van Schoor J, Toogood JH, Pauwels RA. Differential effects of
inhaled budesonide and oral prednisolone on serum immuno-
globulin G and its subclasses in healthy adult volunteers. Clin
Exp Allergy 1997; 27:192-195.

13. Verstraeten T, Jumaan AO, Mullooly JP, et al. A retrospective
cohort study of the association of varicella vaccine failure with
asthma, steroid use, age at vaccination, and measles-mumps-
rubella vaccination. Pediatrics 2003; 112:€98-e103.

14. Fairchok MP, Trementozzi DP, Carter PS, Regnery HL, Carter
ER. Effect of prednisone on response to influenza virus vaccine
in asthmatic children. Arch Pediatr Adolesc Med 1998; 152:1191-
1195.

15. Park CL, Frank AL, Sullivan M, Jindal P, Baxter BD. Influenza
vaccination of children during acute asthma exacerbation and
concurrent prednisone therapy. Pediatrics 1996; 98:196-200.

16. Patel H, Macarthur C, Johnson D. Recent corticosteroid use and
the risk of complicated varicella in otherwise immunocompetent
children. Arch Pediatr Adolesc Med 1996; 150:409-414.

17. Dowell SF, Bresee JS. Severe varicella associated with steroid use.
Pediatrics 1993; 92:223-228.

18. American Thoracic Society. Standards for the diagnosis and care
of patients with chronic obstructive pulmonary disease (COPD)
and asthma. Am Rev Respir Dis 1986;225-244.

19. Wedgwood R], Ochs HD, Davis SD. The recognition and clas-
sification of immunodeficiency diseases with bacteriophage phiX
174. BinkhaleteatsCuienditicSas 1975; 11:331-338.

20. Fogelman I, Davey V, Ochs HD, et al. Evaluation of CD4+ T
cell function in vivo in HIV-infected patients as measured by
bacteriophage phiX174 immunization. ] Infect Dis 2000; 182:
435-441.

21. Primary immunodeficiency diseases. Report of a WHO scientific
group. Clin Experiment Immunol 1997;109:1-28.

22. Wilson NW, Ochs HD, Peterson B, Hamburger RN, Bastian JF.
Abnormal primary antibody responses in pediatric trauma pa-
tients. J Pediatr 1989; 115:424-427.

23. Lack G, Ochs HD, Gelfand EW. Humoral immunity in steroid-
dependent children with asthma and hypogammaglobulinemia.
J Pediatr 1996; 129:898-903.

24. Shearer WT, Lugg D], Rosenblatt HM, et al. Antibody responses
to bacteriophage phi X-174 in human subjects exposed to the
antarctic winter-over model of spaceflight. ] Allergy Clin Im-
munol 2001; 107:160-164.

25. Bearden CM, Agarwal A, Book BK, et al. Rituximab inhibits the
in vivo primary and secondary antibody response to a neoanti-
gen, bacteriophage phiX174. Am ] Transplant 2005; 5:50-57.

26. Ochs HD, Davis SD, Wedgwood R]. Immunologic responses to
bacteriophage 0x 174 in immunodeficiency diseases. ] Clin Invest
1971; 50:2559-2568.

27. Pyun HK, Ochs HD, Wedgwood R], Yang XQ, Heller SR, Reimer
CB. Human antibody responses to bacteriophage 0x 174: se-
quential induction of IgM and IgG subclass antibody. Clin Im-
munol Immunopathol 1989; 51:252-263.

28. Grubb R, Swahn B. Destruction of some agglutinins but not of
others by two sulfhydryl compounds. Acta Pathol Microbiol
Scand 1958; 43:305-309.



252

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Product Monograph. Virotech ELISA systems for detection of
diptheria and tetanus, Russelsheim, Germany, 1994.

McCusker C, Somerville W, Grey V, Mazer B. Specific antibody
responses to diphtheria/tetanus revaccination in children eval-
uated for immunodeficiency. Ann Allerg Asthma Immunol 1997;
79:145-150.

Ducharme FM, Chalut D, Plotnick L, et al. The pediatric respi-
ratory assessment measure: a valid clinical score for assessing
acute asthma severity from toddlers to teenagers. ] Pediatr 2008;
152:476-480.

Ducharme FM, Davis GM, Noya F, Rich H, Ernst P. The Asthma
Quiz for Kidz: A validated tool to appreciate the level of asthma
control in children. Can Respir ] 2004; 11:541-546.

Wolfe R, Carlin JB. Sample-size calculation for a log-transformed
outcome measure. Control Clin Trials 1999; 20:547-554.
D’Agostino RB Jr. Propensity score methods for bias reduction in
the comparison of a treatment to a non-randomized control
group. Stat Med 1998; 17:2265-2281.

Kawano T, Matsuse H, Obase Y, et al. Hypogammaglobulinemia
in steroid-dependent asthmatics correlates with the daily dose of
oral prednisolone. Int Arch Allergy Immunol 2002; 128:240-243.
Nonoyama S, Hollenbaugh D, Aruffo A, Ledbetter JA, Ochs HD.
B cell activation via CD40 is required for specific antibody pro-
duction by antigen-stimulated human B cells. [ Exp Med 1993;
178:1097-1102.

Kurashima K, Fujimura M, Myou S, et al. Effects of oral steroids
on blood CXCR3+ and CCR4+ T cells in patients with bronchial
asthma. Sl ResninCribCareMed 2001; 164:754-758.

Muller I, Aepinus C, Beck R, Bultmann B, Niethammer D,
Klingebiel T. Noncutaneous varicella-zoster virus (VZV) infec-
tion with fatal liver failure in a child with acute lymphoblastic
leukemia (ALL). Med Pediatr Oncol 2001; 37:145-147.

Grant CC, Duggan AK, Santosham M, Deangelis C. Oral pred-
nisone as a risk factor for infections in children with asthma.
Arch Pediatr Adolesc Med 1996; 150:58-63.

40.

41.

42.

43.

44.

45.

DUCHARME ET AL.

Cooper WO, Staffa JA, Renfrew JW, Graham DJ, Ray WA. Oral
corticosteroid use among children in TennCare. Ambul Pediatr
2002; 2:375-381.

Davis MM, Patel MS, Gebremariam A. Decline in varicella-
related hospitalizations and expenditures for children and adults
after introduction of varicella vaccine in the United States. Pe-
diatrics 2004; 114:786-792.

Nightingale SL. From the Food and Drug Administration-
Warning on varicella added to corticosteroid drug products la-
beling. JAMA 1992; 267:339.

Levy ], Zalkinder I, Kuperman O, et al. Effect of prolonged use of
inhaled steroids on the cellular immunity of children with
asthma. AllereieClin Toamungl 1995; 95:806-812.

Masten B, McWilliams B, Lipscomb M, et al. Inmune response to
hepatitis B vaccine in asthmatic children. Pediatr Pulmonol 2003;
36:522-528.

Gershon AA, LaRussa P. Varicella-Zoster virus infections. In:
Gershon AA, Hotez PJ, Katz SA, eds. Krugman’s Infectious
Diseases of Children, 11th edition. Philadelphia: Mosby, 2000,
pp- 800-801.

Address correspondence to:
Francine M. Ducharme, M.Sc., M.D.
Research Centre

CHU Sainte-Justine

3175 Cote Ste-Catherine

Montreal, Quebec H3T 1C5

Canada

E-mail: francine.m.ducharme@umontreal.ca

Received for publication October 22, 2010; accepted after
revision December 14, 2010.



This article has been cited by:

1.Harold J. Farber , Stuart L. Abramson . 2010. Celebrating Our First Year as Pediatric Allergy, Immunology, and
PulmonologyCelebrating Our First Year as Pediatric Allergy, Immunology, and Pulmonology. Pediatric Allergy, Immunology, and
Pulmonology 23:4, 215-216. [Citation] [Full Text] [PDF] [PDF Plus]


http://dx.doi.org/10.1089/ped.2010.2308
http://www.liebertonline.com/doi/full/10.1089/ped.2010.2308
http://www.liebertonline.com/doi/pdf/10.1089/ped.2010.2308
http://www.liebertonline.com/doi/pdfplus/10.1089/ped.2010.2308

