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Aim: To determine the incidence and predisposing factors for severe bronchiolitis in
previously healthy term infants <12 months of age experiencing their first episode of

Methods: Epidemiological, clinical and virological data were prospectively collected.
Severity was assessed by the need for ventilatory support.

Results: Of the 310 infants enrolled, 16 (5.1%) presented with severe bronchiolitis
requiring ventilatory support (11 since admission). Compared with infants with less severe
bronchiolitis, infants with severe disease presented with lower birth weight, gestational age,
postnatal weight and postnatal age, and were more likely to be born by cesarian section.
C-reactive protein positive results (>0.8 mg/dL) and pulmonary consolidation on chest
X-ray were more common among infants with severe disease. Severity was independently
associated with younger age on admission <30 days, respiratory syncytial virus (RSV)

infection and lymphocyte counts <3200/ uL. No significant differences were found
between epidemiologic variables.

Conclusions: Severe bronchiolitis is uncommon in previously healthy term infants
<12 months of age and when present develops soon after disease onset. Severity is
predicted by young age and RSV carriage, whereas epidemiologic variables seem less likely

to intervene.

INTRODUCTION

Bronchiolitis is among the most common lower respiratory
tract infections in children <12 months of age and the most
frequent reason for hospitalizing young infants in the winter
season. Younger children with several underlying condi-
tions, including chronic lung disease, congenital heart dis-
ease or immunodeficiency disorders, are at higher risk for
hospital admission for bronchiolitis. In contrast, previously
healthy term infants often present with milder symptoms,
although some studies report more serious manifestations
including respiratory distress, hypoxia, or severe apnoea
spells, which may eventually require intensive care (1).
Although chronic debilitating diseases undoubtedly
increase the risk for intensive care admission for bronchioli-
tis, the widespread use of respiratory syncytial virus (RSV)
prophylaxis in infants at high risk has in the past few years
reduced the absolute number of these infants admitted to
paediatric intensive care units (PICUs) (2) and proportion-
ally increased the number of infants born at term, who have
no known risk factors. To assess these low risk infants better
on admission and to provide optimal hospital care to those
who are likely to deteriorate and require intensive care, we

need to know more about their clinical features and factors
predicting severity.

In both high and low risk infants, several epidemiological,
demographic and virological factors have been associated
with the severity of bronchiolitis. For example, family his-
tory of atopy, maternal smoking (3), lack of breastfeeding
(4), crowding/siblings (5) have been associated with
increased hospitalization. Demographic and clinical factors,
such as lower birth weight (6), male gender (7), age < 6 -
months (8) and a high clinical severity score on admission
(9), have been reported in association with more severe
bronchiolitis requiring respiratory support. Although from
42 to 45% hospital admissions for lower respiratory tract
infections in children younger than 2 years of age are
related to RSV (10), reports in recent years increasingly
implicate as agents causing bronchiolitis other viruses

Key notes
e Young age and RSV carriage are major predictors of
severe bronchiolitis in healthy term infants.
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including rhinovirus (RV), human metapneumovirus
(hMPV) and human bocavirus (hBoV) (11).

Because no study has yet investigated all these factors col-
lectively, how each factor singly influences the development
of severe bronchiolitis remains controversial, especially in
previously healthy term infants. More important, because
the diagnosis is essentially clinical, bronchiolitis is difficult
to define and interpret. Among common design flaws, some
studies claiming to investigate bronchiolitis in previously
healthy infants also included premature infants (12), others
investigated a heterogeneous population up to 2 years of
age (13) including infants with previous episodes of wheez-
ing (14), whereas others assessed infants with RSV infection
alone (8).

Our aim in this study was to determine the incidence of
severe bronchiolitis and factors predicting disease severity
in previously healthy term infants <12 months of age hospi-
talized for their first episode of bronchiolitis. Severe bron-
chiolitis was defined on the need for ventilatory support in a
PICU.

METHODS

Patients and methods

For this study, we prospectively recruited all consecutive
term infants <12 months of age who were admitted to the
Department of Emergency Pediatrics and PICU, Sapienza
University of Rome, during five epidemic seasons October
through May of 2004/2005, 2005/2006, 2006/2007,
2007/2008 and 2008/2009, for their first episode of bron-
chiolitis. We excluded premature infants gestational age
<37 weeks, infants weighing <2000 g at birth, infants with
underlying chronic diseases cystic fibrosis or other chronic
pulmonary diseases, congenital heart disease, and immuno-
deficiency likely to increase the risk for severe bronchiolitis
and infants with previous wheezing episodes. Because we
expected a low incidence of severe bronchiolitis in this
selected population, we chose a 5-year study period to col-
lect an adequate number of infants while minimizing the
effect of changing standards of care.

The Institutional Review Board at Sapienza University of
Rome approved the study. Written informed consent was
obtained from parents or care-givers.

Bronchiolitis was diagnosed clinically according to the
presence of a history of upper respiratory tract infection
followed by acute onset of respiratory distress with cough,
tachypnea, retractions and bilateral crackles on ausculta-
tion having wheezing alone was not considered sufficient
for inclusion in the study (11). Infants were retrospec-
tively grouped according to the worst severity of bron-
chiolitis experienced during their admission: group 0,
conservative treatment no need for supplemental oxygen
or intravenous fluids; group 1, intravenous fluids or oxy-
gen treatment, or both, for <12 h; group 2, oxygen for
more than 12 h without ventilatory support and intrave-
nous fluids; and group 3, either mechanical ventilation or
noninvasive respiratory support. Mechanical ventilation
was used primarily for infants who had severe respiratory
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failure not responding to nasal ventilation or with severe
apnoea spells. Synchronized nasal intermittent positive
pressure ventilation (Giulia nasal ventilator, Ginevri,
Rome, Italy) was used as first-line intervention for respira-
tory distress associated with respiratory acidosis or
apnoea not requiring bag ventilation. In patients with
apnoea, intravenous caffeine was added to the treatment
regimen.

Epidemiological, clinical and demographic data were
obtained from parents with a structured questionnaire (see
Appendix S1) and from patients’ medical files. The follow-
ing laboratory data related to the clinical severity of
bronchiolitis were analysed at admission and on even-
tual clinical deterioration: complete blood cell counts,
haemoglobin, C-reactive protein (CRP), aspartate amino-
transferase, alanine aminotransferase, gamma-glutamyl
transpeptidase (GGT), sodium and glucose blood levels. We
also recorded clinical information on the presence or
absence of fever rectal temperature >38°C throughout
admission. The radiological findings for each infant at
admission and on clinical deterioration if any were
reviewed and grouped according to the severity: peribron-
chial infiltrates and hyperinflation without consolidation or
atelectasis, peribronchial infiltrates and hyperinflation with
mild-to-moderate consolidation or atelectasis, extensive
consolidation or atelectasis with or without hyperinflation.
While in the PICU, infants received antibiotic therapy with
ceftriaxone, or clarithromycin and systemic corticosteroids.
Corticosteroids were not routinely used in the paediatric
ward to treat bronchiolitis. To investigate bacterial coinfec-
tion, patients who required mechanical ventilation were
sampled immediately after endotracheal intubation by non-
bronchoscopic bronchoalveolar lavage (BAL) and BAL
specimens were sent for bacterial culture.

Detection of respiratory viruses

From 1 to 3 days after hospitalization, all infants underwent
nasal washing obtained with 3 mL of sterile saline solution
injected into each nostril and collected with a syringe. All
samples were processed as previously described (11). Four-
teen respiratory viruses were investigated: RSV; influenza
virus (IV) A and B; human coronavirus (hCoV) OC43,
229E, NL-63, and HUKI1; adenovirus; RV; parainfluenza
(PIV) 1-3; hAMPV; and hBoV.

Statistical analysis

Unless otherwise indicated, all values are reported as
means + standard deviations (SD). A one-way analysis of
variance ANOVA and Student ¢-test were used to compare
continuous variables. A chi-squared test, and Fisher’s exact
test if required, was applied for the qualitative analyses.
Multivariate analyses with logistic regression enter method
were used to select variables independently associated with
the severity of bronchiolitis. The receiver operating charac-
teristic (ROC) curve analysis was used to identify optimal
cut-off values of postnatal age, birth weight, lymphocyte
counts and CRP levels to predict severity. A p value of <0.05
was considered to indicate statistical significance.
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RESULTS

Characteristics of the study population

The study recruited 310 infants (50.5% male) with gesta-
tional age > 37 weeks and <1 year of age: 92.6% were
younger than 6 months, 67.1% were younger than
3 months, and 14.5% younger than 1 month. The mean
gestational age was 38.8 weeks £+ 1.3 (range 37-42 weeks)
and mean birth weight was 3.1 kg + 0.5 (range 2.040-
4.840 kg). Median (interquartile, 1.Q.) postnatal age and
postnatal weight on admission were 61 days (1.Q. 33-
99 days) and 4.9 kg (1.Q. 4.0-6.0 kg). Of the 310 infants
enrolled, 16 (5.1%) had severe respiratory distress, or
apnoea, or both, and were admitted to the PICU to
receive ventilatory support: two were intubated for
mechanical ventilation and 14 received synchronized
nasal intermittent positive pressure ventilation. Both
infants who required mechanical ventilation had severe
apnoea spells. All of the 14 infants receiving noninvasive
ventilation presented with respiratory distress and hyper-
capnia. Eleven infants (69%) were admitted directly to
the PICU and five experienced worsening respiratory dis-
tress during their hospital stay and were transferred to the
PICU. Of the 294 infants who did not require PICU
admission for ventilatory support, 48 (16.3%) required
oxygen supplementation >12h and intravenous fluids
group 2, 53 (17.1%) received intravenous fluids or oxygen
treatment for <12 h or both group 1, and 193 (62.2%)
were treated conservatively group 0.

Risk factors for severe bronchiolitis in healthy infants

Characteristics of the infants with severe bronchiolitis
When compared with infants with mild-to-moderate forms
not requiring ventilatory support (groups 0, 1 and 2) infants
with severe bronchiolitis (group 3) had lower birth weight,
gestational age, postnatal weight, postnatal age and were
more likely to be born by cesarian section (Table 1). All
infants in the ventilated group were younger than 3 months
(37.4 £ 22.5 days) and 50% were younger than 1 month.
No significant differences were found between groups for
the tested epidemiologic variables (Table 2). Nor was a sig-
nificant difference found in the prevalence of fever between
infants who required ventilatory support and those who did
not. Laboratory tests (Table 3) showed a trend towards
lower haemoglobin levels in infants with severe bronchioli-
tis, and one of these was treated with recombinant erythro-
poietin owing to a low haemoglobin level <8 g/L. There was
also a trend towards lower sodium and higher GGT levels
among infants with severe bronchiolitis. One of the two
BAL fluids obtained from the intubated infants yielded
Pseudomonas aeruginosa.

Chest radiographs in infants with severe bronchiolitis
invariably showed radiographic appearances of pulmonary
extensive consolidation or atelectasis with or without hyper-
inflation (Table 4). When CRP values were evaluated in rela-
tion to the presence or absence of either extensive
consolidation or atelectasis, the serum CRP concentration
was higher in infants with consolidation or atelectasis than in
those without (1.53 + 2.08 vs 0.53 *+ 0.59 mg/dL,p = 0.04).

Table 1 Demographic characteristics of infants hospitalized with bronchiolitis grouped according to severity (percentages are within groups)

Demographic characteristics Group 0 (n = 193) Group 1 (n = 53) Group 2 (n = 48) Group 3 (n = 16) p
Birth weight (kg)* 3.1+05 3.1+04 33+05 28+ 04 0.02
Gestational age (weeks)* 389+ 1.3 388=* 1.3 388+* 1.4 379+ 1.2} 0.05
Male gender (%) 58.5 39.6 58.3 438 0.07
Cesarian section (%) 46.8 54.7 57.4 75.0 0.11
Weight on admission (kg)* 55+ 02 49 £ 0.1 47 £0.16 39+ 08 0.001
Postnatal age (days)* 88.6 + 63.3 63.1 + 497 57.8 +52.8 374 +226F 0.001
Siblings (%) 47.2 50.0 66.7 73.3 0.03

p between groups.

*Mean + SD.

Tp < 0.05 group 3 vs groups O, 1, 2.
¢p < 0.01 group 3 vs groups O, 1, 2.

Table 2 Epidemiologic characteristics of infants hospitalized with bronchiolitis grouped according to severity (percentages are within groups)

Epidemiologic characteristics Group 0 (n = 193) Group 1 (n = 53) Group 2 (n = 48) Group 3 (n = 16) p

Maternal smoking (%) 18.3 15.4 14.6 6.3 ns
Smoking during pregnancy (%) 5.9 5.8 42 0 ns
Family asthma (%) 22.8 226 16.7 31,3 ns
Family atopy (%) 29.0 34.0 31.3 31.3 ns
Breastfeeding (months)* 1.6 +1.7 13+1.7 13+1.4 09+ 09 ns
Atopic dermatitis (%) 7.1 1.9 4.2 0 ns

p between groups.
*Mean % SD.
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Table 3 Laboratory data of infants hospitalized with bronchiolitis grouped according to severity
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Laboratory data Group 0 (n = 193) Group 1 (n = 53) Group 2 (n = 48) Group 3 (n = 16) p value
Hb (g/dL)* 11314 11522 121 £2.0 10.6 £ 2.1 0.005
CRP > 0.8 mg/dL (%) 385 472 38.3 68.8" 0.09
CRP (mg/dL) 09£12 19+£26 1.7 £3.1 33+48t 0.001
Neutrophils (no/mmz’)* 4.424 £+ 3.289 5.014 + 3.646 4416 £ 3.121 4473 £ 3771 ns
Lymphocytes (no/mm?>)* 5.642 + 2.581 5094 + 2.817 4417 2292 4,026 + 2.260" 0.004
Eosinophils (no/mm?)* 152 £ 191 98 £ 99 105 £ 112 125 + 3231 ns
Glycemia (mg/dL)* 103.5 £ 269 121.8 £ 474 114.8 £ 44.3 1004 + 16.2 0.004
Sodium (mEqg/L)* 1379 + 3.1 136.8 + 3.1 136.5 £ 3.6 136.0 £ 4.1 0.006
Gamma-glutamy! transpeptidase (U/L)* 44.4 +37.0 432 + 208 59.0 £ 52.6 65.4 = 40.0 0.06
Aspartate aminotransferase (U/L)* 41.0 = 20.1 427 £ 369 386 = 12.1 432 + 25.1 ns
Alanine aminotransferase (U/L)* 38.0 £ 243 342 +26.0 358 + 15.7 415+ 373 ns
*Mean =+ SD of the worst condition observed.

p between groups.

Tp < 0.05 group 3 vs groups O, 1, 2.

1[p < 0.01 group 3 vs groups O, 1, 2.

Table 4 Radiographic features of infants hospitalized with bronchiolitis grouped according to severity (percentages are within groups)

Radiographic features Group 0 (n = 193) Group 1 (n = 53) Group 2 (n = 48) Group 3 (n = 16) p value
Air trapping or bilateral peribronchial and perihilar infiltrates (%) 7.1 2 0 0 ns

Air trapping and bilateral peribronchial and perihilar infiltrates (%) 71.7 63.3 47.6 56.3 ns

Air trapping and multiple or dense infiltrates or lobar atelectasis (%) 213 347 524 43.8 ns

p between groups.

Table 5 Virus distribution in the study infants grouped according to severity. Data are
shown as percentages within each group

Table 6 Multivariate predictors of paediatric intensive care unit admission for respira-
tory support compared with hospital admission to the short stay unit

Group 0 Group 1 Group2  Group 3 Variables OR. C. 1. 95% p
Virus (%) (=19 (=53 @=48 (=16 pvale Postnatal age < 30 days 8.382 2.352 (29.864) 0.001
RSV (single) 30.1 50.9 354 62.5% 0.004 Birth weight < 2.5 kg 1.910 0.452 (8.064) 0.378
RSV (single + dual)  35.2 52.8 479 68.8% 0.002 RSV infection* 3.369 1.007 (11.270) 0.048
RSV + IV 0.5 0 0 0 Lymphocytes < 3200/mm> 5.228 1.403 (19.471) 0.014
RSV + PIV 3 0.5 0 0 0 Pulmonary consolidation 1.089 0.604 (1.963) 0.776
RSV + RV 0 0 2.1 0 CRP > 0.8 mg/dL 3.151 0.930 (10.673) 0.651
RSV + hBoV 4.1 1.9 104 6.3 > by regression analyes
RV /8 19 63 125 *Single or dual infection.
RV + hMPV 0.5 0 0 0 Mult e .
hCoV 05 0 o o u tlplg or den;e infiltrates or lobar a‘FeIectaS|s. . A .
HboV 36 38 o o Cl, confldgnc'e interval; O.R,, odds ratio; CRP, C-reactive protein; RSV, respira-
HBoV + hMPV 05 0 0 0 fory syncytial virus.
VA 0.5 0 0 0
hMPV 1.6 0 0 0 ) ) ) o )
PIV 1 05 0 0 0 were coinfections. Of the 152 specimens yielding a single
PIV 3 21 0 0 0 virus, most (73.6%) were positive for RSV (Table 5). In 138
Negative 472 415 45.8 18.8 (44.5%) nasal wash specimens, RT-PCR detected no viruses.

p between groups.

*p < 0.05 group 3 vs groups O, 1, 2.

hBoV, human bocavirus; hCoV, human coronavirus; hMPV, human metapneu-
movirus; IV, influenza virus; PIV, parainfluenza; RSV, respiratory syncytial virus;
RV, rhinovirus.

Respiratory viruses and severity

Of the total 310 wash specimens examined and tested by
PCR, 172 tested positive for 14 respiratory viruses: 152
(88.3%) of these contained a single virus and 20 (11.6%)

RSV-positive specimens were more commonly detected in
infants with pulmonary consolidation or atelectasis than in
those without and in infants with CRP levels >0.8 mg/dL
than in those with lower levels.

Multiple logistic regression analysis

The ROC curve analysis identified as optimal cut-off values
to predict severity, 30 days for postnatal age, 2.5 kg for birth
weight, 3200 cells/uL. for blood lymphocyte counts and
0.8 mg/dL for CRP levels. The multiple logistic regression
logistic analysis identified as variables independently
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associated with severe disease, younger age on admission
<30 days, RSV infection and blood lymphocyte counts
<3200/uL (Table 6).

DISCUSSION

In this prospective single-centre study recruiting previ-
ously healthy term infants <12 months of age hospitalized
for their first episode of bronchiolitis, we found a low
incidence of severe bronchiolitis and only few predispos-
ing factors that may explain the clinical worsening leading
to PICU admission for ventilatory support. Our strict
inclusion criteria excluding infants who had previous
wheezing or wheezing alone enabled us to select patients
with true bronchiolitis and exclude asthmatic bronchitis, a
condition that probably differs from bronchiolitis in prog-
nosis and risk factors. These criteria probably diminished
the predisposing effect of several epidemiologic variables
that may have a more specific role in asthmatic bronchi-
tis, while highlighted the crucial role of demographic and
virological factors, such as young age <1 month and RSV
infection.

Owing to the strict inclusion criteria, the percentage of
infants with severe bronchiolitis requiring PICU admission
for ventilatory support was low in our study, 5.1%, but simi-
lar to the 11% previously published by Brooks et al. (15) in
a large prospective study including a slightly more suscepti-
ble population of infants with gestational age > 35 weeks.
As we did, Brooks et al. found that most infants (86%) were
admitted to the PICU right from admission. This finding is
of clinical importance because it suggests that in previously
healthy term infants, severe bronchiolitis probably develops
too early to be predicted or prevented.

The most significant risk factor for the development of
severe disease requiring PICU admission for ventilatory
support in our study was younger age on admission to hos-
pital <30 days. Young age commonly correlates with sever-
ity in any respiratory illness. Young infants have reduced
lung compliance, owing to their still small and scarce alve-
oli, and higher airway resistance, because of smaller airways
and ineffective cough. Apnoea spells triggered by infectious
agents, such as RSV acting on an immature respiratory con-
trol, are an additional risk factor for PICU admission and
respiratory support in the youngest infants. In addition, the
impaired innate immunity in neonates may explain the high
incidence of pulmonary bacterial superinfection during viral
illness in the first months of life.

In our population of previously healthy term infants,
another factor associated with severe bronchiolitis was
lower birth weight. Findings from previous studies suggest
that during the first year of life, infants having low birth
weight for gestational age are more likely than normal birth
weight infants to be admitted to hospital with respiratory
tract infections (16).

A finding of relevance to current clinical practice was that
in our study population, bronchiolitis was more severe in
infants who were smaller in gestational age and born by
cesarian section. Although elective repeat cesarian delivery

Risk factors for severe bronchiolitis in healthy infants

before 39 weeks of gestation is commonly associated with
early respiratory distress, respiratory complications may
also develop later in childhood. Accordingly, convincing
evidence shows that transient tachypnea at birth may pre-
dispose to recurrent wheezing during childhood (17).

Among the several epidemiologic characteristics previ-
ously found associated with severe bronchiolitis, the only
one that was slightly more prevalent in infants with severe
disease was having older siblings. The lack of correlation
between epidemiologic factors and severe bronchiolitis con-
trasts with the results of outcome trials which identified
crowding and exposure to tobacco smoke as significant and
independent risk factors for disease severity of RSV bron-
chiolitis (18). This discrepancy probably reflects the clinical
characteristics of the population included in the previous
studies, such as older infants up to 36 months and infants
with recurrent wheezing. For example, Jartti et al. (14)
showed that epidemiologic features such as atopy affect the
characteristics of bronchiolitis mainly in older infants or in
those with previous wheezing episodes.

Consistent with previous studies (19), in our study, radio-
graphic appearances did not characterize disease severity,
because we found no difference in the prevalence of pulmo-
nary opacities between infants with mild-to-moderate and
severe bronchiolitis. Although many hospitals require chil-
dren with bronchiolitis to undergo chest radiography on
admission not all investigators agree that taking radiographs
is beneficial (20). Another noteworthy finding of practical
clinical interest in this study is that the most seriously ill
infants had significantly increased CRP levels. This datum
may provide further circumstantial evidence that bacterial
co-infection may aggravate the clinical course of infants
with bronchiolitis.

An interesting finding in our study that provides an
insight into the pathophysiology of severe bronchiolitis in
previously healthy term infants was the independent associ-
ation of low lymphocyte counts with the development of
severe bronchiolitis. Lymphopenia is a common finding in
patients with infections related to RSV or other viruses (21).
Lymphopenia can be caused either by endogenous gluco-
corticoids secondary to a stress mechanism (22) or by corti-
costeroid treatment, although other investigators propose
that lymphopenia may be related to increased prolactin and
low leptin levels (23). Regardless of the pathogenesis, low
lymphocyte counts call into question the status of lympho-
kines and their prognostic implications in bronchiolitis.

In this single-centre prospective study, we were able to
confirm that RSV remains the most common and aggressive
viral cause of bronchiolitis particularly in the young infant,
accounting for 73.2% of the viruses detected overall and
84.6% in the most severely ill infants. Our observations are
in line with previous findings by Richards et al. (24) and
Stempel et al. (25) who respectively found percentages of
RSV in 72.2% and 77% of children hospitalized with bron-
chiolitis. Our results nevertheless differ from those of Rich-
ards et al. who found no difference in the frequency of RSV
detection between infants who were hospitalized in a short-
term unit and those requiring PICU admission. These
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discrepancies may depend on the different population stud-
ied, i.e. with or without infants with chronic debilitating
conditions that are known to affect the risk for disease
severity. In their study designed to investigate the specific
mechanisms leading to severe bronchiolitis in healthy full-
term infants younger than 6 months of age, Helminen et al.
studied the infants’ genetic background according to the
specific viral aetiology and found no difference in genetic
polymorphisms between RSV infected infants and controls.
These observations imply that hospitalization for RSV bron-
chiolitis may depend on other factors, such as young age
(26).

In infants with severe disease, the second most commonly
detected virus was RV (12.5%). The proportion of infants
with RV bronchiolitis was lower in our study than in a pre-
vious study by Papadopoulos and was not associated with
disease severity (27). The discrepancies probably depend on
the criteria used to define severity as well as different
patients’ age on admission. Confirming the importance of
age, Jartti et al. (14) have shown that the prevalence of RV-
associated bronchiolitis increases with age and with recur-
rent wheezing episodes. Dual viral infections were uncom-
mon in our study (11%). Our results match those recently
published by Marguet et al. (28) on infants <1 year old, hos-
pitalized for a first episode of bronchiolitis during the winter
epidemic season and having no risk factors for severe dis-
ease. In this study, dual infection had no additional effect
on the severity of disease.

In conclusion, severe respiratory distress requiring PICU
admission for ventilatory support is uncommon in previ-
ously healthy term infants <12 months of age admitted to
hospital for the first episode of bronchiolitis and often
develops soon after disease onset. In these infants, severe
respiratory distress is associated with demographic factors
such as young age <1 month and RSV carriage, whereas the
role of epidemiologic variables in severe disease seems less
likely.
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