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Clinical manifestations, outcomes and prognostic factors of the 2009
pandemic influenza A (H1N1) in children

Manifestagées clinicas, desfechos e fatores prognésticos da influenza pandémica A (H1N1) de 2009 em criangas

Manifestaciones clinicas, desenlaces y factores pronésticos de la influenza pandémica A (H1N1) 2009 en nifios

Luana Lenzi', Angela Maron de Mello? Lineu Roberto da Silva®, Ménica Holtz C. Grochocki*, Roberto Pontarolo®

ABSTRACT

Objective: To analyze the pandemic influenza A (HIN1)
2009 in children of the state of Parand, Southern Brazil, in
order to identify clinical features, lethality, and prognostic
factors for the infection.

Methods: This was a retrospective observational
study. Data were collected from the National Notifiable Dis-
ease System (Sinan) from the Brazilian Ministry of Health,
from March to December, 2010. Children aged between zero
and 12 years-old, with laboratorial confirmation of the infec-
tion, were included. Variables related to demographic and
clinical characteristics and outcomes were evaluated statisti-
cally in order to compare the lethality rates in the presence
and absence of these factors. The prognostic factors were
identified by logistic regression, being significant p<0.05.

Results: 1,307 children were included and 19 of
them died. Risk factors for death were heart diseases
(OR 7.1;95%CI 1.5-32.7), immunosuppression (OR 14.9;
95%CI 3.9-56.2), dyspnea (OR 9.5; 95%CI 2.8-32.9),
pneumonia (OR 23.8; 95%CI 2.4-239.8), presence of
wheezing (OR 11,9; 95%CI 1.4-103.7), and time to start
treatment since the onset of symptoms (OR 1.3; 95%CI
1.2-1.5). Early treatment with the antiviral drug oseltami-
vir was a protective factor for death (OR 0.012; 95%CI
0.003-0.05).

Conclusions: Underlying risk factors had a major role
in determining outcomes. Early diagnosis and treatment

were important for the reduction of deaths from influenza
A (H1N1) 2009 in children.

Key-words: Influenza A Virus, HIN1 Subtype; risk
factors; lethality; signs and symptoms; child.

RESUMO

Objetivo: Descrever as caracteristicas clinicas e a letalidade,
além de analisar os fatores prognésticos da infeccdo pela influenza
pandémica A (HIN1), em criangas do estado do Parana.

Métodos: Estudo observacional e retrospectivo. Os dados
foram coletados a partir do Sistema Nacional de Agravos de
Notificacio (Sinan), do Ministério da Satde, entre margo e
dezembro de 2010. Foram incluidas as criancas com idade
entre zero e 12 anos, com confirmagio laboratorial da infec-
¢do. As varidveis referentes as caracteristicas demograficas e
clinicas e aos desfechos foram avaliadas estatisticamente a fim
de comparar as taxas de letalidade na presenca e na auséncia
desses fatores. Os fatores progndsticos foram identificados
por regressdo logistica. Consideraram-se como significativos
os valores de p<0,05.

Resultados: Foram incluidas 1.307 criangas, das quais
19 foram a ébito. Os fatores de risco para o ¢bito foram
cardiopatias (OR 7,1; IC95% 1,5-32,7), imunodepressio
(OR 14,9; IC95% 3,9-56,2), dispneia (OR 9,5; IC95%
2,8-32.9), pneumonia (OR 23,8; IC95% 2,4-239,8), pre-
senca de sibilos (OR 11,9; IC95% 1,4-103,7) e tempo para
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o inicio do tratamento a partir do inicio dos sintomas (OR
1,3; 1C95% 1,2-1,5). O tratamento precoce com o antiviral
oseltamivir foi um fator de protecdo ao 6bito (OR 0,012;
1C95% 0,003-0,05).

Conclusdes: Os fatores de risco subjacentes apresen-
taram papel fundamental na determinacido dos desfechos.
O diagndstico e o tratamento precoce foram importantes
para a diminui¢do dos 6bitos pela influenza A (HIN1)
2009 em criangas.

Palavras-chave: Virus da Influenza A Subtipo HIN1;
fatores de risco; letalidade; sinais e sintomas; crianca.

RESUMEN

Objetivo: Describir las caracteristicas clinicas y la le-
talidad, ademds de analizar los factores prondsticos de la
infeccién por la influenza pandémica A (HIN1) en nifios
de la provincia de Parand (Brasil).

Métodos: Se traté de un estudio observacional y retrospec-
tivo. Los datos fueron recogidos a partir del Sistema Nacional
de Agravos de Notifica¢do (Sinan), del Ministerio de Salud,
entre marzo y diciembre de 2010. Se incluyeron a los nifios
con edad entre cero y 12 afios, con confirmacién laboratorial
de la infeccién. Las variables referentes a las caracteristicas
demogrdficas y clinicas y a los desenlaces fueron evaluadas
estad{sticamente, a fin de comparar las tasas de letalidad en la
presencia y ausencia de esos factores. Los factores prondsticos
fueron identificados por regresion logistica. Se consideraron
como significativos los valores de p<0,05.

Resultados: Se incluyeron a 1.307 nifios, de los que 19
fallecieron. Los factores de riesgo para 6bito fueron cardio-
patias (OR 7,1; IC95% 1,5-32,7), inmunodepresiéon (OR
14,9; 1C95% 3,9-56,2), disnea (OR 9,5; IC95% 2,8-32,9),
neumonia (OR 23,8; 1C95% 2,4-239,8), presencia de sil-
bidos (OR 11,9; IC95% 1,4-103,7) y tiempo para el inicio
del tratamiento a partir del inicio de los sintomas (OR 1,3;
1C95% 1,2-1,5). El tratamiento temprano con el antiviral
oseltamavir fue un factor de proteccién al 6bito (OR 0,012;
1C95% 0,003-0,05).

Conclusiones: La tasa de letalidad observada en nifios
fue menor que la encontrada en el grupo que contrajo la
enfermedad. Los factores de riesgo subyacentes presentaron
un rol fundamental en la determinacién de los desenlaces. El
diagnéstico y el tratamiento tempranos fueron importantes
para la reduccién de los ébitos por influenza A (HINT1)
2009 en nifios.

Rev Paul Pediatr 2012;30(3):346-52.

Palabras clave: Virus de la Influenza A Subtipo HINT1;
factores de riesgo; letalidad; sefiales y sintomas; nifio.

Introduction

The 2009 influenza A (H1N1) pandemic, the first of the
21st Century, originated in Mexico and the United States™?.
According to the World Health Organization (WHO), 208
countries reported laboratory-confirmed cases of the disease
in 2009, and 12,799 deaths were recorded®.

Several studies showed that most individuals with that
infection had mild symptoms and recovered in a few days®.
Its pathogenesis, in general, was the same as the one seen in
cases of the common flu, and the disease seemed to progress
spontaneously to resolution. However, clinical presentations
varied widely, from asymptomatic cases to the development
of severe or lethal pneumonia®®. Occasionally, clinical condi-
tions deteriorated rapidly (in about five days) into atypical
pneumonia, that is, a viral pneumonia with few physical
signs, but clearly defined on radiographs, and about half of
the patients had acute fulminating respiratory distress”.

The influenza A (H1N1) virus may produce severe lung
infection in young individuals without comorbidities,
particularly children, and high hospitalization rates were
recorded for this age group®. Children are particularly
vulnerable to complications during influenza infection,
and further studies should be conducted to improve our
understanding of determinants and risk factors of deterio-
ration and death in this population. However, few reports
have described influenza A among children®'V. Because
the severity of this disease may change according to geog-
raphy and seasonality"?, the purpose of this study was to
collect data about this disease and its possible risk factors
among children infected in the 2009 pandemic in the
state of Parand, Brazil. Moreover, it described the clinical
characteristics, lethality and prognostic factors of influenza
A (HIN1) infection among children.

Methods

This observational retrospective study was conducted
from March to December 2009. Data were collected from
structured questionnaires about the 2009 influenza A
(HIN1) pandemic stored in the National Reportable Disease
System (SINAN) of the Brazilian Ministry of Health.

The study population comprised children aged zero to
12 years living in Parand, a state in southern Brazil. Cases
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were included if confirmed as 2009 pandemic influenza A
(HIN1) infection by the results of laboratory tests performed
using the reverse-transcriptase polymerase chain reaction
(RT-PCR). Suspected cases and those confirmed by clinical
and epidemiological criteria, which included fever (>38° C),
cough, close contact with an infected person or history of
recent (up to ten days) travel to countries with documented
cases, with or without other associated signs and symptoms,
underwent laboratory tests for confirmation. Samples were
analyzed using RT-PCR during the pandemic event, and
results were gathered in the beginning of 2010 for a final
assessment of the cases and the production of this study.
After collection, records were individually checked for in-
consistencies or missing information. Patients were excluded
if RT-PCR results were negative or data about symptoms,
clinical and demographic data, or outcome (hospitalization,
cure or death) were missing from their notification forms.
The variables included were: age; presence of known fac-
tor of influenza deterioration, entered in the SINAN form
(yes or no, separately); use of oseltamivir; hospitalization;
results of chest X-ray; and dates of symptom onset, treatment
initiation (when treated) and date of death (in case of death).

Statistical analysis compared the lethality of the 2009 in-
fluenza A (H1N1) pandemic among children according to the
characteristics and variables under study. Descriptive statistics
included the calculation of means and standard deviations for
continuous variables and absolute numbers and proportions for
categorical variables. Risk factors were investigated separately
by comparing the distribution of variables according to cure
or death. Proportions were compared using the Z score, a
chi-square test for categorical variables, the Student 7 test for
continuous variables and measures of central tendency. In ad-
dition, possible associations between variables and death were
analyzed using univariate logistic regression, and results were
expressed by odds ratio (OR) and 95% confidence interval
(95%CI). Outcomes were used as dependent variables and
classified as O=cure and 1=death. The variables were evalu-
ated using univariate analysis and the forced-entry method,
and the constant was included in the models. The Statistical
Package for the Social Sciences (SPSS) 17.0 was used for statis-
tical analyses, and the level of significance was set at p<0.05.

This study followed the Helsinki Declaration and
the applicable Brazilian laws, and was approved by the
Ethics in Research Committee of the Health Sciences

Table 1 - Main characteristics of the children that had influenza A (H1N1) during the 2009 pandemic in the state of Parana, Brazil

Characteristics Number % Cure % Death % p-value Z score
Sex Male 694 53.1 683 98.4 11 1.6 0.673 .
Female 613 46.9 605 98.7 8 1.3
White 1081 82.7 1066 98.6 15 1.4 -
. Black 15 1.1 15 100 0 0 ---
:tfzig%o” Asian 12 0.9 1 917 1 83 0349 -
Mixed ethnicity 94 7.2 93 98.9 1 1.1 -
Native Brazilian 31 2.4 31 100 0 0 -
With comorbidity 239 18.3 231 96.7 8 3.3 0.007 D>C
Without comorbidity 1068 81.7 1057 99 11 1 C>D
Heart disease 23 1.8 21 91.3 2 8.7 0.003 D>C
Pulmonary disease 148 11.3 144 97.3 4 2.7 0.178 -
Comorbidity  Kidney disease 5 0.4 5 100 0 0 0.786 -
Blood disease 6 0.5 6 100 0 0 0.766 -
Immunodepression 19 1.5 16 84.2 3 15.8 0.000 D>C
Diabetes 6 0.5 6 100 0 0 0.766 ---
Obesity 4 0.3 4 100 0 0 0.808 ---
Oseltamivir Not treated 9 1.6 3 33.3 6 66.7 <0.001 D>C
Treated 556 98.4 543 97.6 13 2.4 C>D
Hospitalization Not h.os;.)italized 832 63.7 831 99.9 1 0.1 <0.001
Hospitalized 475 36.3 457 96.2 18 3.8

D: death C: cure
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Department of the Universidade Federal do Parand
(UFPR), Curitiba, Brazil.

Results

In our sample, the first case of this disease among children,
confirmed by laboratory tests, occurred on June 15, 2009,
and the patient was a one-year-old boy. A total of 1,307
children aged zero to 12 years were identified. During the
2009 pandemic, their infection by the influenza A (HIN1)
virus was confirmed by laboratory tests using RT-PCR. Mean
age was 6.2 (= 3.8) years. A total of 19 deaths were recorded,
and lethality was 1.5%, lower than that found for infected
individuals in general, which was 5.8% (274/4,740). Mean
age of the children that died was 4.7 (+ 3) years.

Table 1 shows the main characteristics of our patient
sample and their association with the disease outcomes. In
this sample, 53.1% were boys and 82.7% were white. A
total of 239 children had one or more underlying diseases
(comorbidities). The most frequent comorbidities were

pulmonary diseases, in 148 (11.3%), heart diseases, in 23
(1.8%), and immunodepression, in19 (1.5%). Only heart
diseases and immunodepression had a significant association
with outcomes, and the rate of deaths was greater than the
rate of cure.

Information about whether children received treatment
with the antiviral drug oseltamivir was found in the noti-
fication forms of only 565 children. Of those, 556 (98.4%)
received antiviral treatment. Mean time from symptom onset
to treatment initiation in the group that was cured was two
days (zero to 15), whereas in the group that died it was six
days (zero to 20) (p<0.001). Treatment with oseltamivir was
significantly associated with death, and the proportion of
deaths was greater among children that did not receive it.

Hospitalization was recorded for 475 (36.3%) of the
children. However, death occurred despite drug treatment
and intensive care during hospitalization. The proportion of
deaths was greater among hospitalized patients than among
those that did not require hospitalization. The patients that
died stayed about 6.4 days (zero to 21) in the hospital.

Table 2 - Clinical characteristics of the 2009 influenza A (H1N1) pandemic among children of the state of Parana, Brazil

n % Cure % Death % p-value Z score
Fever 1282 98.1 1263 98.5 19 1.5 0.540 ---
Cough 1216 93 1198 98.5 18 1.5 0.769 ---
Rhinorrhea 895 68.5 885 98.9 10 1.1 0.134 -
Sore throat 674 51.6 670 99.4 4 0.6 0.007 C>D
Chills 565 43.2 558 98.8 7 1.2 0.571 -
Myalgia 561 42.9 555 98.9 6 1.1 0.314 -
Signs and Dyspnea 478 36.6 462 96.7 16 3.3 <0.001 D>C
Symptoms Headache 300 22.9 299 99.7 1 0.3 0.065 -
Clinical Arthralgia 247 18.9 245 99.2 2 0.8 0.348 -
presentation Vomiting 165 12.6 164 99.4 1 0.6 0.330 ---
Conjunctivitis 150 11.5 150 100 0 0 0.114 -
Diarrhea 135 10.3 131 97 4 3 0.122 -
Abdominal pain 36 2.8 34 94.4 2 5.6 0.037 D>C
Nausea 25 1.9 25 100 0 0 0.540 -
Wheezing 7 0.5 6 85.7 1 14.3 0.004 D>C
Chest pain 5 0.4 5 100 0 0 0.786 ---
Pneumonia 4 0.3 3 75 1 25 <0.001 D>C
__________________ Cyanosis 1 0.1 1 100 0 0 --- ---
Normal 109 30.2 108 30.9 1 9.1 -
Chest X-ray Interstitial infiltrate 201 55.7 195 55.7 6 54.5 0.002 -
Consolidation 16 4.4 13 3.7 3 27. D>C
Mixed findings 13 3.6 12 3.4 1 9.1 ---
D: death C: cure
349
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The association of clinical signs of the disease and outcomes
is shown in Table 2. The main signs and symptoms were
fever, cough, rhinorrhea and sore throat, found in affected
over 50% of the children that were examined. Seven patients
had wheezing at lung auscultation, and one, cyanosis. Chest
X-rays were obtained for 339 children. Of those, 55.7% had
interstitial infiltrates and 30.2% had normal results. Dyspnea,
abdominal pain, wheezing and pneumonia were significantly
associated with the outcomes. The Z score showed that the
proportion of deaths was greater than that of cures for children
with those clinical signs and symptoms. In addition, of the
patient that died, 19 had fever, 18 (94.7%) had cough and 16
(84.2%), dyspnea, which suggests that these are the signs and
symptoms most closely associated with disease deterioration.

The variables associated with outcomes and higher
number of deaths were analyzed using logistic regression
to determine prognostic factors. Among children that had
the influenza A (H1IN1) viral infection during the 2009
pandemic, risk factors of death were heart disease (OR
7.1; 95%CI 1.5-32.7) and immunodepression (OR 14.9;
95%CI 3.9-56.2), and their presence increased the odds
ratio for death. The use of the antiviral drug oseltamivir
was a protective factor against death (OR 0.012; 95%CI
0.003-0.05), and not using this medicine resulted in an
83.3 times greater odds ratio for death (95%CI 18.9-333.3).
The analysis of oseltamivir use also revealed the importance
of treating the patient at an early stage, as each additional
day between symptom onset and treatment (measured as a
continuous variable) increased the odds ratio for death in
30% (95%CI 20-50).

Among the clinical signs and symptoms of the disease,
dyspnea (OR 9.5; 95%CI 2.8-32.9), pneumonia (OR 23.8;
95%CI 2.4-239.8) and wheezing at lung auscultation (OR
11.9;95%CI 1.4-103.7) were associated with greatest clini-
cal severity and increased odds ratio for death. Abdominal
pain was not associated (p=0.056) with risk of death.

Discussion

Lethality in the presence or absence of epidemiological,
clinical and therapeutic factors showed that there was a
significant association between outcomes and the following
factors: comorbidities, use of the antiviral drug oseltamivir,
time from symptom onset to treatment initiation and hos-
pitalization. Hospitalization was present in the most severe
clinical cases, which explains the higher frequency of death
in this subgroup.

350

The early treatment with the antiviral drug oseltamivir,
initiated within two days of symptom onset, has already been
reported as a protective factor that decreased the risk of admis-
sion to an intensive care unit (ICU) and death for hospitalized
patients during the 2009 influenza A (HIN1) pandemic"'?.
In our study, mean time to treatment initiation after symptoms
onset in patients that were cured was two days, differently from
those that died, whose treatment started at a mean six days
after symptom onset. This result is similar to those reported in
other studies, which also suggested that there were benefits for
patients treated with oseltamivir when compared with those
that did not receive this treatment®!'¥. The rapid progression
of the disease in fatal cases was also reported in the United

1D which stresses the importance of

Kingdom" and Germany
prevention against this disease.

The association of heart disease with complications and death
due to influenza is likely to be the result of viral replication in
cardiac tissue, as demonstrated by other authors". Another
possible explanation for the association of its pathogenesis with
extra-respiratory complications has been suggested by the con-
nection between acute respiratory distress syndrome (ARDS)
and multiple organ dysfunction syndrome (MODS), when the
hepatic, renal, central nervous, hematologic, gastrointestinal
and cardiac systems are more commonly affected'®.

The MODS pathogenesis has not been fully elucidated,
but it seems to involve microcirculation and mitochondrial
metabolism, including cytokine released in the circulation"”.
Moreover, during infection by the influenza virus, the myocar-
dium is affected, which may be another possible explanation
for the fact that heart diseases is a risk factor of death due to
infection®. Studies in the United Kingdom showed that 12%
of the patients with infection by the influenza virus had elevated
levels of cardiac troponin, released when there is a lesion to the
heart muscle, which points to possible viral activity in the heart
muscle during infection™. Ison ez #/ reported that a significant
proportion of patients in the initial phases of infection by the
influenza virus had abnormal electrocardiograms, associated or
not with cardiac lesion markers or contractile abnormalities on
echocardiograms®”.

Other studies showed that the flu is a known cause of
myopericarditis. PCR of biopsy samples confirmed that a
mean 45.5% of the patients evaluated had the viral genome
in the myocardium®". This evidence supports the conclu-
sion that cardiac involvement during acute infection by the
influenza virus occurs due to the direct effect of the virus
on the myocardium, which exacerbates severity for patients
with heart diseases (cardiac insufficiency, myocarditis, etc.).

Rev Paul Pediatr 2012,30(3):346-52.
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Another important finding of infection in children was
that wheezing was associated with the increase of the odds
ratio for death, which may contribute to a rapid diagnosis
and early intervention in the most severe cases. Wheezing is
defined as a continuous musical long-lasting tone originating
in the airways and produced by bronchi obstruction®. It
may be present in cases of lower airway disorders (bronchi,
bronchiole, alveoli and lungs) as a result of complications
of the influenza infection®”. According to the results of our
study, in addition of lung auscultation, chest X-rays should
help to define disease severity when consolidation and inter-
stitial infiltrates are found.

Our results showed that the lethality of the influenza A
(HIN1) pandemic among children aged zero to 12 years in
2009 was 1.45%. Other studies conducted in Canada, Germany,
the United Kingdom and Argentina found rates that ranged
from 7 to 39%“11243) of the patients in ICUs. However, all
reports confirmed that lethality was higher than that found for
seasonal influenza. Differences in the organization of healthcare,
including the criteria for ICU admission, age of the different
groups and selection of study sites may partly explain differ-
ences between studies.

Our study had several limitations, such as the fact that
infection has often been underreported, although this might
have been minimized in the 2009 pandemic due to the
greatest awareness of the importance of notification during
outbreaks. Moreover, patients that were infected may have
been left out because they did not seek medical attention.
An additional limitation may be associated with the records
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The lethality of the 2009 influenza A (HIN1) pandemic
among children aged zero to 12 years was 1.5% of the cases
confirmed by RT-PCR. The major symptoms were: fever,
cough, rhinorrhea and sore throat. The risk factors of death
were: heart disease, immunodepression, dyspnea, pneumonia
and wheezing. Early treatment with the antiviral drug osel-
tamivir was a protective factor against death. Our results
stress the role of underlying risk factors, particularly in the
progression of the most severe cases, and suggest that early
diagnosis and treatment were important to reduce lethality
of the 2009 influenza A (H1N1) pandemic among children.
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