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This 1-year multicentre prospective study in northern
France sought to evaluate the incidence of secondary
bacterial skin complications related to varicella, describe
these superinfections, and analyse risk factors for their
onset. The study included every child admitted to a di-
strict paediatric unit with a varicella infection. Patients
with varicella infection, with and without secondary
bacterial skin complication, were compared. The study
included 159 children, 43 of whom had a secondary bac-
terial skin complication on admission, 21 of them had a
severe secondary bacterial skin complication (respective
incidence: 7.5 and 3.7/100,000 children younger than 16
years old). Persistence or recurrence of fever >38.5°C for
>3 days after the beginning of varicella infection (ad-
justed odds ratio (aOR)=8.1; 95% confidence interval
(CI): 2.3-28.4) and the use of non-steroidal anti-inflam-
matory drugs (aOR=4.8; 95%CI: 1.6-14.4) were inde-
pendent factors associated with severe secondary bacte-
rial skin complication. Key words: varicella; bacterial skin
infection; hospitalization; children.
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Varicella, a childhood disease affecting those younger
than 20 years in 95% of cases (1), is generally relati-
vely mild and common, but complications, sometimes
quite severe, occur in 2-3% of cases (2—4), usually in
healthy children. The hospitalization incidence rate in
children before the vaccination era was estimated at 2.6—
28/100,000 and varied according to age group (5-9). The
reported death rate (all ages) then ranged from 1/33,000 to
1/40,000 (10, 11). Varicella thus has significant individual
as well as collective consequences: high medical costs
and parental work-days missed account for most of the
sizable financial burden of this disease (12, 13).

Severe bacterial skin complications, mainly due to
group A Streptococcus (GAS) and Staphylococcus
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aureus (S. aureus), have appeared more frequently in
recent years. We showed previously (9), and others have
confirmed (14), that the leading reason for hospitaliza-
tion of children with varicella is a skin superinfection.
Treatments such as non-steroidal anti-inflammatory
drugs (NSAIDs) are thought to play arole in the severity
of these infections (15, 16).

The aims of this prospective multicentre study were
to determine the incidence rate of hospitalization for
patients with secondary bacterial skin complication rela-
ted to varicella, to describe these superinfections and to
identify their characteristics and potential risk factors.

PATIENTS AND METHODS

Study design and inclusion criteria

This study used data from our prospective multicentre cohort
study, conducted in northern France in 2003, in the pre-varicella
vaccine era. All 11 district hospitals with paediatric units par-
ticipated in this study. The study included all children younger
than 16 years admitted with a varicella infection during the
study period. Children were included at any stage of the rash,
from the vesicular stage to the end-stage of the scabs, or for
any varicella-related event within 4 weeks of disease onset.
Diagnosis was based on physical examination, as usual in daily
practice. Children admitted more than once for any varicella-
related events were not considered as new cases, but the new
outcome data were added to the initial questionnaire form.

A paediatrician prospectively completed a standardized case
report form when a patient with varicella met the inclusion
criteria. Data collection was non-nominative. One paediatrician
in each centre was the local co-ordinating investigator for the
Inter-Hospital Network for Evaluating Management of Common
Childhood Diseases. This co-ordinating investigator ensured
that the case report forms were properly completed, validated
each inclusion, and transmitted the completed case report forms
to the principal investigators.

Definitions

Varicella infection was defined as a generalized pruritic ve-
sicular rash, usually with mild fever and systemic symptoms,
followed 5—6 days later by crusting of the vesicles, with shed-
ding of the scabs in about 14 days (17). Consensual definitions
of secondary bacterial skin complications came from textbooks
and dictionaries (Table I). Thus, cellulitis, necrotizing fasciitis,
staphylococcal or streptococcal toxin-mediated disease, skin
abscess, ecthyma and varicella gangrenosa were all considered
severe bacterial skin complications.
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Data collection

Of the questions on the case report form, 81% required simple
yes/no answers. The form asked about demographic data, sus-
pected or identified risk factors for severe or complicated va-
ricella infection (asthma, eczema, immunosuppressive disease
or treatment, recent cases of varicella in the family) (15, 18,
19) and clinical features (fever, extent of rash, mucosal invol-
vement and suspected complications). Attending physicians
determined whether microbiological analyses were necessary
for patients with suspected bacterial superinfection. Before the
study began, each local co-ordinating investigator received an
information guide that described the study objectives, recent
data on varicella-zoster virus epidemiology, and definitions of
varicella and its secondary bacterial skin complications. This
guide was designed to ensure that all study centres and paedia-
tricians used the same diagnostic criteria and reported data con-
sistently. Principal investigators contacted local co-ordinating
investigators by telephone every 2—3 weeks to monitor study
progress. Epi—Data 2.1b software (Epidata Association, Odense,
Denmark) was used for anonymized data entry, with a check-in
control. At the end of the study, the data were compared with
each hospital’s discharge codes to assess the efficacy of case
ascertainment. The ethics committee declared that its specific
approval was not required since the study protocol did not in-
clude any investigation or treatment other than standard care.

Analysis

Statistical analyses used Epi—Info 6.04 software (Centers for
Disease Control and Prevention, Atlanta, GA, USA). The ana-
lysis described all varicella-related bacterial skin complications
diagnosed at admission, determined the incidence rates of
admissions for varicella-related bacterial skin complications
(based on demographic data from the Institut National de Statis-
tiques et des Etudes Economiques, INSEE: www.insee.fr), and
described the characteristics of the patients with skin infections
and compared them with patients without skin infections using
a x? statistical test to compare proportions or a Wilcoxon test
for means comparisons.

All subsequent analyses concentrated on risk factors for se-
vere varicella-related bacterial skin complications, which are
the major concerns of physicians. A secondary case-control
study permitted comparison of these “severe” patients with
other patients admitted with varicella infection. The univariate
analyses used the y? statistical test and Fisher’s exact test and
calculated odds ratios (OR) and 95% confidence intervals (CI).
To avoid over-fitting, the backward stepwise multivariate lo-
gistic regression analysis included only variables significantly
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associated with severe secondary bacterial skin complications
in the univariate analysis (p <0.05). This multivariate analysis
was performed with Statview software (SAS Institute, Cary,
NC, USA) to determine the independent risk factors (p <0.05)
for severe varicella-related bacterial skin complications.

RESULTS

During the study year, 44 patients were identified with
secondary bacterial skin complications at admission.
One was subsequently excluded because the lesions
were not infective. The 43 subjects represented 27%
of the 159 children admitted with varicella and 46%
of'the 93 patients with varicella-related complications.
Twenty-one of the subjects had at least one severe
secondary bacterial skin complication: 15 cellulitis, 3
staphylococcal epidermolytic toxin-mediated diseases,
2 abscesses, 5 ecthymas, one varicella gangrenosa and
one scarlet fever. The other 22 patients with bacterial
skin complications presented impetigo (n=21) or whit-
low (n=1) (Table I). Compared with discharge codes
(9), the case ascertainment rate was 94%. Based on this
rate, and the estimated population of children younger
than 16 years in 2003 in the Nord district, the incidence
rate of children admitted with varicella-related bacterial
skin complications was 7.5/100,000 and of children
with severe bacterial skin complications 3.7/100,000.

The mean age of the 43 patients with bacterial skin
complications was 28 months (median 27 months;
range 1 month—7 years), not statistically different
from the 116 patients admitted without bacterial skin
complications (Table II). Bacterial skin complications
were more frequent in boys (72% vs. 54%, p=0.04).
An underlying condition (eczema (n=8) or asthma
(n=3)) was present in 21% of the 43 subjects (Table
IT); none had immunosuppression. Nearly half (47%)
had a sibling with recent varicella infection, and 81%
had a fever (>38°C) on admission. The vesicular rash
was extensive (>100 vesicles) for 54% and none had
only a mild rash (<10 vesicles). Mucosal involvement
was present in 65%. Micro-organisms were identified

Table 1. Details of varicella-related bacterial skin complications at admission (43 children)

Varicella-related bacterial

skin complication Definition

Impetigo Superficial skin infection caused by bacteria, characterized by small pus-filled blisters that form honey-yellow crusts 21
Cellulitis Inflammation of the soft or connective tissue with fever, swelling and tenderness 15
Ecthyma Type of impetigo, with a deep and hard base, rounded by inflammation, followed by scarring 5
Staphylococcal Superficial blistering skin disorders caused by the epidermolytic toxins of S. aureus, with bullae rupture, tenderness 3

epidermolytic toxin-
mediated disease

fever and irritability

Abscess Localized collection of pus in a tissue, cavity or confined area 2
Varicella gangrenosa Deep necrotic lesions with an erythematous base 1
Whitlow Inflamed or abscessed end of finger or toe with pus formation 1
Scarlet fever Red rash and fever, caused by Streptococcus pyogenes 1
Total 49°

“Number of events, in 43 children. Two patients had both cellulitis and impetigo, 2 had impetigo and ecthyma, one had cellulitis and ecthyma, one had

cellulitis and Staphylococcal epidermolytic toxin-mediated disease.
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Table I1. Characteristics of patients admitted with varicella disease
(n=159)

Patients admitted Patients

without skin admitted with

infection skin infection
Characteristics (n=116) (n=43) p*
Mean age, months (range) 24 (2-83) 28 (3—115) 0.17
Male gender, % 54 72 0.04
Underlying condition, % 20 21 0.86
Recent sibling case, % 51 47 0.70
Previous advice, % 75 91 0.03
Fever >38.5°C, >3 days, % 39 64 0.006
Vesicles >100, % 26 54 0.002
Mucous involvement, % 33 65 <103
Mean length of stay, days 4.1 (1-78) 4.6 (1-16) <107
(range)

*y2 or Wilcoxon tests.

for only 6 patients (S. aureus for 3 and GAS for 3). The
mean length of stay for patients with bacterial skin com-
plications was 4.6 days (median 3.5; range 1-16 days).
Antibiotic and antiviral treatments were necessary in
93% and 44% of cases, respectively. No sequelae were
expected at discharge and no patients died.

Further analyses concentrated on potential risk factors
for severe varicella-related bacterial skin complications.
In the univariate analysis (Table III), extensive vesi-
cular rash (>100 blisters), mucous involvement, and
persistence or recurrence of fever were the clinical signs
associated with severe varicella-related bacterial skin
complications. Extreme youth (<24 months) appeared
to be protective in our population. Neither recent va-
ricella in siblings nor underlying conditions (eczema,
asthma) were associated with these complications. After
multivariate analysis, only the persistence or recurrence

Table I1I. Univariate analysis of risk factors for severe varicella-
related bacterial skin complications (except medication)

Severe bacterial skin
complications

Yes (n=21) No (#=138)

Variables n % n % OR 95%CI p
General data

Age <12 months 5 25 50 36 0.6 02-1.8 0.26
Age <24 months 6 29 86 62 0.2 0.1-0.7 0.004
Boy 16 76 78 57 25 0.8-83 0.09
Lives in Nord district 18 86 125 91 0.6 0.1-3.1 0.36
Admissionon duty 16 76 87 66 1.7 0.5-5.6 0.35
Recent sibling case 8 42 60 51 0.7 0.2-2.0 046
Previous advice 19 91 104 78 2.7 0.6-18 0.18
Underlying conditions

Eczema 3 14 20 15 1.0 0.2-39 0.62
Asthma 2 10 7 5 1.9 0.0-11 0.35
Immunosuppression 0 0 3 2 0.0 0.0-16 0.64
Clinical data

Fever >38.5>3 days 17 81 54 41 62 1824 <10°
Mucous lesions 12 63 51 38 28 0.9-84 0.04
Vesicles >100 12 57 37 27 3.6 1.3-10 0.005

OR: odds ratio; CI: confidence interval.
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Table IV. Univariate analysis of treatments administered before
admission to patients with or without severe varicella-related
bacterial skin complications

Severe bacterial skin complications

Yes (n=21) No (n=138)

Medication n % n % OR 95%CI p
Oral

Paracetamol 19 91% 93 69% 43 0.9-28 0.04
NSAID 13 62% 39 28% 4.1 14-12 0.002
Aspirin 1 5% 2 1% 34 0.0-52 035
Steroids 1 5% 5 4% 1.3 0.0-13 0.58
Antibiotics 3 14% 27 20% 0.7 0228 041
Antivirals 0 0% 4 3% 0.0 0.0-11 0.56
Local

Antiseptics 21 100% 131 95% n.c. n.c. 0.36
Colorants 13 62% 67 49% 1.7 0.649 0.25
Powders 7 33% 37 27% 14 0540 0.53
Creams 3 14% 10 7% 2.1 0498 024

NSAID: non-steroidal anti-inflammatory drug; OR: odds ratio; CI:
confidence interval; n.c.: not calculable.

of fever >38.5°C for 3 or more days after the onset of
varicella infection (adjusted OR (aOR) = 8.1; 95% CI:
2.3-28.4) independently predicted severe varicella-
related bacterial skin complication.

NSAIDs and paracetamol were the medications as-
sociated with these superinfections in the univariate
analysis (Table 1V). After multivariate analysis, how-
ever, only NSAID use (aOR=4.8; 95%CI: 1.6-14.4)
was independently associated with their onset (Table
V). Children younger than 2 years of age had a signi-
ficantly and independently lower risk than our overall
population (Table V).

DISCUSSION

Bacterial skin complications were seen in 27% of the
children hospitalized with varicella infection (and
46% of those admitted with a varicella complication),
and almost half were either severe bacterial skin
complications, mainly cellulitis and staphylococcal
epidermolytic toxin-mediated disease. The incidence
of bacterial skin complications was high (7.5/100,000
children younger than 16 years). The persistence or
recurrence of fever >38.5°C for 3 or more days after the
beginning of varicella infection was an important sign

Table V. Multivariate analysis of risk factors for severe varicella-
related bacterial skin complications

Multivariate analysis

Variables aOR 95% CI )4

Age <24 months 0.2 0.05-0.5 0.001
Fever >38.5°C >3 days 8.1 2.3-28.4 0.001
NSAID 4.8 1.6-14.4 0.005

aOR, adjusted odds ratio; CI, confidence interval; NSAID, non-steroidal
anti-inflammatory drug.



of any varicella-related bacterial skin complications.
Treatments administered for varicella before admission
were suspected to play a role in these infections, and
NSAID intake, in particular, significantly increased
the likelihood of severe bacterial skin complications
(aOR=4.8; 95% CI: 1.6—-14.4; p=0.005). Young age
was protective among our population, probably be-
cause young infants with varicella disease without
skin complication were more easily admitted because
of their young age and the parents’ and doctor’s fear
of a complication.

Bacterial skin complications are the leading reason for
hospital admission of children with varicella (9). They
were responsible for 73% of the infectious diseases in
patients with varicella-related hospitalizations in an
American study (20) and 26% of hospitalizations for
varicella-related complications in a German survey
(21). Our high incidence of these superinfections is
probably consistent with the high attack rate of GAS
disease in children with varicella infection in Canada
(relative risk=58) (22), since GAS is one of the principal
pathogens in skin infections.

One weakness of our study is the absence of syste-
matic bacterial identification for patients with severe
bacterial skin complications, since microbiological
analyses were performed at the discretion of each at-
tending physician. Our study was conducted in a large
and populous geographic area (>2.5 million people) and
recorded consecutive children hospitalized in the area
with a varicella infection for one year. Selection bias
seems unlikely, since the case ascertainment rate was
high: comparison with discharge codes (9) showed it to
be 94%. The rate of missing data for most case report
form items was lower than 5%, except for recent vari-
cella in siblings (8%) and history of atopic dermatitis or
asthma (7%). Because the study design was constructed
retrospectively from this prospective cohort, potential
confounding factors about indications for NSAID ad-
ministration may have interfered in the analysis.

Although previous reports suggest that NSAIDs play
arole in varicella-related bacterial skin complications,
this hypothesis remains controversial (16, 18, 23, 24).
Trends, but not definite significant correlations, have
been identified. Because of the small size of these
studies, they lack power. In 1998, the American Aca-
demy of Pediatrics determined that insufficient data
were available for a clinical decision about the use or
restriction of NSAIDs in children with varicella (25).
Lesko et al. (15) later showed a significant association
between ibuprofen use and invasive skin or soft-tissue
GAS infections, although they could not rule out a
potential confounding association with paracetamol
use. In another study, however, they did not confirm
any association between ibuprofen use and invasive
GAS infection in children with varicella, although they
identified an association with persistent high fever (26).
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Our results reinforce the hypothesis that NSAIDs are
associated with these superinfections.

Some pathophysiological mechanisms may explain
the potential role of these drugs in promoting bacterial
skin complications: NSAIDs can impair granulocyte
function, thereby reducing leukocyte recruitment, in-
creasing cytokine production and facilitating Staphylo-
coccus and Streptococcus infections (27). In addition,
NSAIDs may mask signs of disease progression by
relieving pain, reducing swelling and suppressing fever,
all of which can help delay diagnosis and treatment (25).
A particular or newly virulent bacterial strain may also
be involved. One report suggests that a special GAS
clone may be responsible for the severe bacterial skin
complications (28), whereas others suggest that clonal
variations among strains of a given serotype are not
related to disease severity (29, 30). Severe bacterial
skin complications may be related to the virulence of
superantigen exotoxins (31).

In conclusion, our study suggests that the incidence of
varicella-related bacterial skin complications was high
in the pre-vaccine era and that it may be preventable
by reducing prescriptions for oral NSAID treatment for
patients with varicella. A recent study in our district
showed that NSAIDs were prescribed for patients with
varicella in 14-16% of cases (32). A programme of
generalized vaccination for children may reduce the
incidence of varicella and thus varicella-related com-
plications, but only if the coverage rate is sufficiently
high (33). Combining this vaccine with the measles-
mumps-rubella vaccine could increase the coverage
rate (34). Until then, physicians must be informed, and
inform their patients, that some medications, including
NSAIDs, should be avoided for patients with varicella,
in order to reduce the number of varicella-related bac-
terial skin complications.
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