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SUMMARY

To evaluate the epidemiology of hospital admissions for varicella in children, a 1-year prospective
multicentre study was done in Northern France in the pre-varicella vaccine era. The 405 children
aged <16 years seen at local hospitals for varicella or herpes zoster were included. Among them,
143 who had varicella and resided in the district were admitted. Admission incidence rates were
28/100 000 children aged <16 years (149/100000 infants aged <1 year, 69/100000 children aged

1-4 years, and 2/100000 children aged 5-15 years). Most admissions (57 %) were related to
complications, usually skin infection (47 %). Independent risk factors for admission were place
of residence outside the district [adjusted odds ratio (aOR) 8-7], complication at admission
(aOR 5-8), recurrent fever (aOR 4-5), recent varicella in a sibling (aOR 4-0), and previous

physician visit for the same condition (aOR 2-0).

INTRODUCTION

Varicella is a viral infection considered until recently
as a common and usually innocuous disease experi-
enced by nearly every child in the world. Between
600000 and 750000 cases in children or adults are
reported each year in France, with an annual inci-
dence rate around 1-1-35/100 population [1, 2].
Among varicella cases, 95 % occur in individuals <20
years of age [3]. Complications occur in 2-3% of
varicella cases [2, 4], usually in otherwise healthy
children [5]. The admission rate in children <15 years
has been estimated at 23/100000, and in all age
groups combined the mean number of deaths is 19
per year from 1990 to 1997 [1]. Varicella affects not
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only individuals but also society, as the costs of
medical care, work days missed by the patients or
parents, and babysitting combine into a substantial
financial burden [6, 7].

Immunization against varicella has been used for
more than 20 years in Japan [8]. In the United States,
it has been recommended since 1995 for children aged
>12 months, a strategy that has produced good
results [9-11]. In 2004, the German health-care
authorities issued a recommendation that children be
routinely immunized against varicella [12]. In France,
the varicella vaccine was licensed in December 2003
but is not recommended for routine administration
to children [13]. Epidemiological data are needed to
estimate the potential benefits of widespread varicella
immunization.

The aim of this study was to prospectively deter-
mine the admission incidence rate in children with
varicella infection, the reasons for admission with
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special attention to the role of skin infection, and the
risk factors for admission.

PATIENTS AND METHODS
Study design and inclusion criteria

A prospective multicentre cohort study was carried
out in Northern France, a well-defined geographic
area with 572347 children aged <16 years in 2003
[14]. The 11 hospitals in Northern France that have
paediatric units participated in the study during the
year preceding licensure of the varicella vaccine in
France (from 6 January 2003 to 5 January 2004).
Inclusion criteria were age <16 years and admission
or emergency-department evaluation for varicella or
herpes zoster (VZV) during the study period. Children
were included at any stage of varicella or herpes zoster
(from early vesicles to shedding of scabs) or if a VZV-
related event occurred within 4 weeks after the onset
of VZV symptoms. The diagnosis of VZV infection
was based on typical physical findings. In children
who were admitted more than once during the study
period for VZV infection, only the first admission was
counted ; the outcomes of the subsequent admissions
were added to the initial questionnaire form.

In the six hospitals that had a paediatric ward
but no paediatric emergency department, only VZV-
related admissions were recorded. In the five other
hospitals, which had a paediatric ward and a paedi-
atric emergency department, both VZV admissions
and VZV cases seen at the emergency department on
an outpatient basis were recorded. For each in-patient
or outpatient who met the study inclusion criteria,
a hospital paediatrician prospectively completed a
standardized questionnaire. In each study centre, the
local coordinating investigator was a paediatrician
participating in the Hospital Network for Evaluating
the Management of Common Childhood Diseases.
The local coordinating investigator ensured that
questionnaires were properly completed, validated
each included patient, and sent the completed ques-
tionnaires to the main investigators.

Definitions

We used the textbook description of varicella [15] to
diagnose the disease: generalized pruritic vesicular
rash, usually with mild fever and systemic symptoms,
followed after 5-6 days by crusting of the vesicles then
by shedding of the scabs after about 2 weeks. Herpes
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zoster was defined as a similar rash in a dermatomal
distribution [15]. We used textbook definitions for
varicella complications and data from the literature
for risk factors predisposing to severe or complicated
varicella [16-21] (see below). Patients that could not
be properly watched and treated at home were
defined as having an underprivileged social back-
ground. We defined miscellaneous reasons for ad-
mission as admissions that were not ascribable to
VZV complications, to risk factors for severe or
complicated disease, or to an underprivileged social
background. These miscellaneous admissions were
validated independently by the local coordinating
investigator and by one of the main investigators
(F.D.).

Collected data

Among the questionnaire items, 81 % required simple
yes/no answers. The items collected information on
demographics (age, sex, siblings, maternal educational
background, hospital, and whether the patient lived
in Northern France), potential risk factors for severe
or complicated VZV infection (age <1 or >13 years,
immunodeficiency due to a disease or treatment,
asthma, atopic dermatitis, recent varicella cases in the
family) [18, 19], clinical features (varicella or herpes
zoster, fever, extent of the rash, involvement of
the mucous membranes, suspected complications),
whether the patient was admitted, and the reasons
for admission.

Before study initiation, each local coordinating
investigator was given a copy of the investigator’s
manual, which detailed the study objectives; recent
data on VZV epidemiology; case definitions for
varicella, herpes zoster, and their complications;
and risk factors for VZV-related complications. The
manual was designed to ensure that all centres and
paediatricians involved in the study used the same
diagnostic criteria. During the study, each local co-
ordinating investigator was called on the phone every
2 or 3 weeks for a progress report. The data were
keyboarded using EpiData software (EpiData Associ-
ation, Odense, Denmark) with a check-in control. No
information identifying the patients was entered into
the database. At study completion, the data were
compared to the discharge codes in each hospital
during the study period in order to assess the ef-
ficiency of our case ascertainment procedure. Using
a capture—recapture method, a correction coefficient
was calculated to determine a corrected incidence rate
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of the wvaricella hospitalizations. Ethics Committee
(CCPPRB Lille) declared that the study did not re-
quire specific agreement since the study protocol did
not include any additional investigation or treatment
other than routine care.

Statistics

Statistical analyses were done using Epi-Info 6.04
software (Centers for Disease Control and Preven-
tion, Atlanta, GA, USA). First, a descriptive analysis
of children admitted with varicella during the study
period was presented. Second, the admission inci-
dence rates and the corrected incidence rates of
children <16 years of age having varicella and living
in Northern France were determined using demo-
graphic estimates from the National Institute for
Statistics and Economic Investigations [14]. Third, the
reasons for admission were detailed separately for
patients with and without a complication of varicella.
Fourth, to identify risk factors for admission, we
compared admitted and non-admitted patients in the
five hospitals with paediatric emergency departments.
For the univariate analysis, we used the y* test, Fish-
er’s exact test, and comparisons of means. Variables
associated with admission with P values of <0-20 in
this univariate analysis, as well as risk factors for ad-
mission in published studies, were entered in a back-
ward stepwise multivariate logistic regression model,
using SPSS software (SPSS Inc., Chicago, 1L, USA).
Factors associated with admission at P levels <0-05
were taken as independent risk factors for admission.

RESULTS

Over the study period, 405 children with varicella
(398) or herpes zoster (7) were included. Among them,
162 were admitted, including 52 in the six hospitals
without and 110 in the five hospitals with paediatric
emergency departments. In these five departments,
243 children were evaluated but not admitted.

The 162 admitted children had a median age of
21 months (range 2 months to 15 years) and a 14
male:female ratio. Before admission, 80% of the
patients had seen an office-based physician for their
symptoms; however, only 48 % were referred to the
hospital by a physician. Of all admissions, 67 % were
decided on in-house call duty. The parents were
aware of the diagnosis of VZV infection in 85 % of the
cases. Of the 162 admitted patients, 159 had varicella
and three had herpes zoster. At admission, 62% of
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patients had a fever (central temperature >38 °C;
mean, 39-2 °C), 34% a profuse vesicular rash (>100
lesions), 41 % mucosal involvement, and 14 % fewer
than 10 skin lesions. A history of atopic dermatitis
was noted in 15% of admitted patients, of asthma in
6%, and of immunodepression in 2%. Intravenous
antibiotic therapy and acyclovir treatment were
necessary respectively for 30 % and 25% of admitted
patients. The mean length of stay was 4-2 days
[median 2 days, interquartile range (IQR) 2-5 days].

Of the 162 admitted patients, 146 lived in Northern
France; 143 of these 146 had varicella and three
had herpes zoster. The admission incidence rate for
children (< 16 years) with varicella living in Northern
France in 2003 was 25/100000. Our case ascertain-
ment rate was 94% compared to discharge codes.
Discharge codes missed 6% of VZV-related ad-
missions recorded in our study. The overall correction
coefficient was 1-13, and the corrected incidence rate
was 28/100000. Table 1 reports admission incidence
rates in various age groups.

The distribution of reasons for admission is
indicated in the Figure, considering separately patients
with and without a VZV-related complication. A
VZV-related complication was observed in 93 (57 %)
of the 162 admitted patients (Table 2). The main
complication was a bacterial skin infection for 44
patients; some patients had more than one bacterial
skin infection, and the diagnoses (n=49) were as
follows: impetigo (n=21), cellulitis (n=15), ecthyma
(n=Y5), scarlet fever (n=1), staphylococcal scalded
skin syndrome (n=23), abscess (n=2), varicella gang-
renosa (n=1), and felon (n=1). For patients with a
complication, at least one risk factor of VZV compli-
cation was an associated reason for admission for 28
(30%): age <1 year (n=22), recent varicella infection
in the family (n=9), non-steroidal anti-inflammatory
drug therapy (n=6), atopic dermatitis (n=4). At least
one complication occurred during the hospital stay
in 11 patients (12%) and consisted of skin infection
(n=6), neurological disorders (n=3), other infection
(n=3), other complication (n=3). The mean length
of stay was 4-7 days (median 3 days, IQR 2-5 days)
for patients admitted with VZV-related compli-
cations. Three patients died of complications of
varicella (n=2) or herpes zoster (n=1). A 4-month-
old girl died of acute respiratory distress syndrome
secondary to acute pneumonia. No bacterial agent
was identified. The second patient, a 15-month-old
boy, died after acute encephalitis, with autonomic
system dysfunction. The third patient, a 15-year-old
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Table 1. Admission incidence rates in children with varicella infection

in Northern France, 2003

Admission

Number of incidence

admitted for varicella

patients infection in Corrected
Age Number of residing in Northern admission
group admitted Northern France incidence*
(years) patients France (/100 000) (/100 000)
<l 52 49 132 149
1-4 99 87 61 69
5-15 11 7 2 2
All groups 162 143 25 28

combined

* The case ascertainment rate was 94 % compared to discharge codes. Discharge
codes missed 6% of VZV-related admissions recorded in the study. The overall

correction coefficient was 1-13.

Patients admitted with
VZV-related complication
(n=93)

Risk factor
(28)

Social
reason (5)

Complication
93)

Miscellaneous
reason (16)

Patients admitted
without complication
(n=69)

Risk factor
(15)

Social
reason (15)

Miscellaneous
reason (57)

Fig. Distribution of the reasons for admission in 162 children with VZV infection.

Table 2. VZV-related complications at the
admission among the 162 admitted patients

Number of
Complications patients (%)
Bacterial skin infection 44 (47)
Neurological 24 (26)
Ear/nose/throat 15 (16)
Respiratory 7 8)
Joint 4 )]
Ophthalmic 6 (6)
Other 16 17
>1 complication 93 (57)

boy with a history of Gougerot-Sjogren syndrome
presented with an ophthalmic herpes zoster compli-
cated by a keratitis, high grade fever, and died of a
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septic shock. No bacterial agent was identified. The
annual incidence rate of death associated with var-
icella infection in Northern France was 0-5/100000
children <16 years of age.

Of the 69 patients admitted without any compli-
cation, at least one risk factor was a reason for ad-
mission for 15 (22%) [age<1 year (n=10), recent
varicella infection in the family (n=2), non-steroidal
anti-inflammatory drug therapy (n=3), atopic der-
matitis (n=2), immunodepression (n=3)], and 57 had
miscellaneous reasons for admission: 23 had gastro-
intestinal disorders (gastroenteritis in 16 and difficulty
feeding in seven), 10 high grade fever, four other
neurological disorders, five other respiratory reasons,
three severe parental anxiety, 12 other reasons for
admission. Five of them developed a complication
during the hospital stay (four skin infections and one
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Table 3. Univariate and multivariate analysis of risk factors for admission in 353 children with VZV infection
evaluated in paediatric emergency departments
Non-
Admitted admitted
patients patients P P
Variables (n=110) (n=243) OR (95% CI) valuer aOR (95% CI) value
Population
Male gender (n/n evaluated) 63/110 130/243 12 (0-7-19) 0-51 T
Age <24 months (n/n evaluated) 60/110 103/243 1-6 (1:0-2-7) 0-03 *
Residence outside the study area 11/110 8/243 32 (1-2-91) 0-01 87 (2:6-286) <1073
(n/n evaluated)
Previous physician visit 83/107 99/242 50 (2:9-88) <108 2-0 (1-0-3-8) <005
(n/n evaluated)
Recent VZV in a sibling 52/89 78/236 2.9 (1:7-49) 3107% 40 (22-74) <l10~*
(n/n evaluated)
Mother with no university education 24/79 69/231 1-:0 (0-6-1-9) 093 *
(n/n evaluated)
Evaluation during in-house call duty 79/108 146/229 1-6  (0:9-2-7) 0-09 *
(n/n evaluated)
Medical history
Atopic dermatitis (n/n evaluated) 15/107 39/219 0-8 (0-4-1'5) 0-39 *
Asthma (n/n evaluated) 7/107 21/219 07 (0-2-1-7) 0-36 *
Immunodepression (n/n evaluated) 2/108 0/241 T i 0-1 *
Clinical signs
Mucosal rash (n/n evaluated) 43/104 102/240 1-:0 (0-6-1-7) 0-95 *
Number of vesicles <10 14/110 30/243 10 (0-5-2-2) 0-92 il
(n/n evaluated)
Number of vesicles lesions >100 42/110 50/243 2:4  (1-4-41) 5-10—4 *
(n/n evaluated)
Fever (n/n evaluated) 91/105 154/242 37 (1'9-7-3) <10~* *
Fever recurrence >day 3 54/105 26/242 88 (4-8-16:1) <108 45 (23900 <10—*
(n/n evaluated)
Complication (n/n evaluated) 59/109 23/239 111 (6:0-20:6) <108 5-8 (3:0-114) <10~*

OR, Odds ratio; 95% CI, 95% confidence interval; aOR, adjusted odds ratio.

* Excluded data during the multivariate analysis; T data not included in the multivariate analysis (see text).

otitis media), but only one had risk factors of VZV
complication. The length of stay was shorter (mean
3-5 days, median 2 days, IQR 1-4 days) for patients
admitted without complication (P=0-005).

Risk factors for admission were studied in the 353
children evaluated at the five hospitals with paediatric
emergency departments: we compared the 110 ad-
mitted patients to the 243 non-admitted patients.
Table 3 lists the risk factors identified by univariate
analysis. Independent predisposing factors for ad-
mission were identified in the multivariate analysis:
residing elsewhere than in Northern France [adjusted
odd ratio (aOR) 8-7], complication at admission
(aOR 5-8), recurrent fever on or after day 3 of
the disease (aOR 4-5), recent varicella infection in
a sibling (aOR 4-0), and having previously seen a
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physician for the current VZV infection (aOR 2-0)
(Table 3).

DISCUSSION

This is the first prospective epidemiological study of
the incidence, reasons, and risk factors for admission
in children with VZV infection belonging to a large
population (>2-5 million people). The admission
incidence rate for varicella infection in children
aged <16 years was high overall (corrected value 28/
100000) and very high in the youngest age groups
(149/100000 children aged <1 year old and 69/
100000 children aged 1-4 years old). VZV-related
complications, and particularly skin infections, were
the most common reasons for admission.
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Table 4. Admission incidence rate by age group in our study (Northern France) and in several other

geographic areas in the pre-vaccine era

Age group
All ages
Country <lyr 14 yr 5-15yr combined
Northern France (2003)* 149 69 2 n.d.
France (1997-1999) [1] 172 28 56 (5-14 yr) 59
Great Britain (1995-96) [22] 74 36 8 (5-11 yr) n.d.
Canada (1979-97) [22] 71 40 11 (5-11 yr) n.d.
Spain (1997) [24] 27 25+ 7 (6-10 yr) 32
Switzerland — Canton of 12 9 n.d. n.d.
Bern (1986-96) [21]
USA (1988-1995) [23] 31 23 n.d. 4

* Prospective study; all other studies were retrospective.
1 Incidence for children aged 1-5 years.
n.d., No available data.

The overall admission incidence rate in our study is
higher than in a previous retrospective nationwide
survey conducted in France in 1990-1999 (23/100 000
children aged <16 years old) [1]. In previous studies
from other countries in the pre-vaccine era (1990s),
admission incidence rates were 1-4-12 times lower
than in our study, in all age groups (Table 4) [21-24].
These discrepancies may be ascribable to differences
in the quality of data collection. Previous studies were
retrospective and, therefore, carried a risk of selection
bias [23]. Our study was prospective and in each cen-
tre a coordinating investigator worked to maximize
case ascertainment. Children seen at emergency de-
partments of hospitals without paediatric units were
referred to hospitals with paediatric units if admission
was deemed necessary. For most questionnaire items,
the missing data rate was <5%; exceptions were
mother’s educational background (12%), recent
varicella in siblings (8%), and history of atopic
dermatitis or asthma (7 %). Thus, selection bias was
probably minimal in our study.

Our higher admission incidence rate may be
ascribable to an increase in the incidence and severity
of varicella in recent years. The incidence in France
increased from 2001 (970/10°) to 2004 (1420/100 000),
according to the French Sentinelle network with an
incidence rate at 1150/100 000 in the year under study
[25]. Reports from the pre-vaccine era in the United
States suggest a rise in the rate and severity of bac-
terial skin infections and other varicella complications
[26-28]. Similar findings were reported in France in
2004 [29]. The incidence rate of varicella has increased
markedly in infants and young children [4], who are
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known to be at higher risk for death and non-fatal
complications [20]. These data are consistent with the
higher admission incidence rate in young children and
high complication rate in our study. However, we
cannot exclude that prospective recruitment and re-
minding physicians of the complications and risk
factors of varicella may have interfered with the ad-
mitting behaviour in increasing the admission inci-
dence rate. A complication was the main reason for
admission in 57 % of our admitted patients, and the
complication was a bacterial skin infection in 47 % of
these cases. Bacterial skin infections were the most
common complications in earlier studies [30—32]. Risk
factors for bacterial skin infection may include use
of nonsteroidal anti-inflammatory drugs or topical
agents [16, 33], which is still common although some
reports recommend avoiding the use of these treat-
ments [33, 34]. Neurological complications, which
affected 26 % of children in our study, were the lead-
ing reason for admission in other studies [21, 35].
Risk factors, underprivileged social background,
or miscellaneous factors were associated reasons for
admission in 66% of our admitted VZV patients
(Fig.). In Northern France, low-income families
often use hospital emergency departments instead of
office-based physicians, which may have contributed
to the high admission incidence rate in our study.
The miscellaneous reasons category included factors
clearly independent from the VZV infection (e.g.
trauma or scheduled admission), factors clearly re-
lated to the VZV infection (e.g. high-grade fever
or severe parental anxiety), and factors possibly
related to the VZV infection (e.g. gastrointestinal
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symptoms). In a recent study, gastrointestinal symp-
toms (vomiting, diarrhoea, or difficulty feeding), with
dehydration or gastric erosions in some patients,
were classified among varicella complications [29].
Dehydration was considered a varicella complication
in other studies [23, 32]; however, none of our
patients with gastrointestinal symptoms had dehy-
dration. Secondary gastrointestinal or respiratory
tract symptoms consistent with a second viral infec-
tion seem common during or immediately after
varicella. Whether these events are coincidences or
reflect infections complicating VZV-induced immuno-
suppression is unclear. Lastly, this study showed the
admitting behaviour of paediatricians as well as the
epidemiology of complicated varicella.

Several independent risk factors for admission were
identified in our study. These risk factors either
reflected the occurrence of a complication or a pre-
disposition to complications. Thus, fever recurrence
on or after day 3 may indicate a complication. A
recent case of VZV infection in a sibling may be
associated with a larger viral inoculum and has
been identified as a risk factor for invasive group A
streptococcal infection complicating varicella [19].
A place of residence outside the study area and pre-
vious evaluation by a physician may indicate an
unusual course of the disease consistent with the
development of complications.

In conclusion, the admission incidence rate in
children with VZV infection was high in Northern
France overall and very high in children <5 years of
age. Independent risk factors for admission included
complications (the main reason for admission)
and factors that may predispose to complications.
Widespread VZV immunization may reduce the rate
of wvaricella-related complications [36], admissions
and deaths. Consistent with this possibility, a decrease
in mortality has been reported in the United States
after the introduction of varicella vaccine [11, 37]. In
addition, co-administration of varicella vaccine and
measles-mumps-rubella vaccine may reduce medical
costs [38].
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