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a b s t r a c t

Objectives: The role of viral co-detection in children with severe acute respiratory infection

is not clear. We described the viral detection profile and its association with clinical char-

acteristics in children admitted to the Pediatric Intensive Care Unit (PICU) during the 2009

influenza A(H1N1) pandemic.

Method: Longitudinal observational retrospective study, with patients aged 0–18 years,

admitted to 11 PICUs in Rio de Janeiro, with suspected H1N1 infection, from June to Novem-

ber, 2009. The results of respiratory samples which were sent to the Laboratory of Fiocruz/RJ

and clinical data extracted from specific forms were analyzed.

Results: Of 71 samples, 38% tested positive for H1N1 virus. Of the 63 samples tested for other

viruses, 58 were positive: influenza H1N1 (43.1% of positive samples), rhinovirus/enterovirus

(41.4%), respiratory syncytial vírus (12.1%), human metapneumovirus (12.1%), adenovirus

(6.9%), and bocavirus (3.5%). Viral codetection occured in 22.4% of the cases. H1N1-positive

patients were of a higher median age, had higher frequency of fever, cough and tachyp-

nea, and decreased leukometry when compared to H1N1-negative patients. There was no

difference in relation to severity outcomes (number of organic dysfunctions, use of mechan-

ical ventilation or amines, hospital/PICU length of stay or death). Comparing the groups

with mono-detection and co-dection of any virus, no difference was found regarding the

association with any clinical variable.

Conclusions: Other viruses can be implicated in SARI in children. The role of viral codetection

has not yet been completely elucidated.
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an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Introduction

Respiratory infections are an important cause of morbid-

ity and mortality throughout the world, particularly in

children.1–3 Besides the high susceptibility to viral respira-

tory infections, children present with a higher frequency of

coinfections, especially those under five years of age.4,5

The influenza A (H1N1) pandemic in 2009, affected mainly

children, young adults, pregnant women, and patients with

chronic diseases. The overall severity of the disease was

markedly increased compared to other influenza infections

and there was a disproportionate increase in mortality.4

The hospitalization rate for influenza H1N1 in children in

Argentina was twice the rate for seasonal influenza in the

previous year.6 This pandemic quickly became a global health

issue.

With the development of better laboratory methods for

virus detection, the isolation of these agents in samples of res-

piratory secretions has become easier and more common than

before. Studies evaluating viral codetection in children dur-

ing the pandemic in Brazil and in other countries confirmed

that other viruses, with similar cold weather seasonality,7 cir-

culated concomitantly with H1N1.8 However, the relationship

between the presence of other respiratory viruses and clinical

severity in pediatric patients is still unclear. Some studies have

described an association between viral coinfection with H1N1

and worse prognosis,9–11 yet others did not show any signifi-

cant difference in outcomes.4,6,7,12 Thus, the primary objective

of this study was to describe the viral detection profile and

clinical characteristics of children admitted to the Pediatric

Intensive Care Unit (PICU) with severe acute respiratory infec-

tion (SARI) during the 2009 epidemic in Rio de Janeiro. The

association of viral detection with clinical characteristics at

admission and resulting outcomes was explored as secondary

objectives.

Material and methods

This is a descriptive longitudinal observational study using

retrospective data. A convenience sampling of patients rang-

ing from 0 to 18 years of age, admitted to the PICU with

severe acute respiratory syndrome (SARS), defined as fever,

cough, and dyspnea, requiring hospitalization, during the 2009

pandemic in Rio de Janeiro, Brazil, according to the Brazilian

Protocol of Clinical Management and Epidemiological Surveil-

lance of Influenza13 was utilized.

SARI is the term most frequently used in the literature

to describe severe cases, with a slightly different definition

by the World Health Organization (WHO), as “an acute res-

piratory illness with a history of fever or measured fever of

≥38 ◦C and cough, with onset within the past 10 days, requir-

ing hospitalization”.14 In the present study, the term SARI will

be used as synonymous of SARS for simplicity.

During this period, samples of respiratory secretions

(nasopharyngeal swabs, nasopharyngeal aspirates or tracheal

aspirates) of hospitalized patients with SARI were sent to three

reference centers for influenza virus in Brazil. In the present

study, we included 71 respiratory samples from patients who

were admitted to the PICUs of six private hospitals and five

public hospitals, from June 1 to November 30, 2009. These

samples were tested for H1N1 virus in the respiratory virus

laboratory of the reference center Oswaldo Cruz Foundation

in Rio de Janeiro (Fiocruz/RJ), using the Real-time Polymerase

Chain Reaction (RT-PCR) kit for H1N1 virus provided by the

United States Centers for Disease Control and Prevention

(CDC).

These samples, which had been stored at −70◦ C, were

retrieved for further testing. Sixty-three samples were found

to be viable and were retested for the presence of other infec-

tious agents using one of the following three techniques,

depending on availability at the Fiocruz laboratory: RT-PCR

for non-influenza respiratory viruses from a CDC-based kit,

RespiFinder (RespiFinder 22 kit; Pathofinder B.V., The Nether-

lands), or the Fast-track (FTDRP 21 plus multiplex real-time

RT-PCR assay; Fast-track Diagnostics Ltd, Sliema, Malta).

Seven respiratory viruses were screened by using RT-PCR

for non-influenza respiratory viruses from a CDC-based kit;

17 respiratory viruses were screened by using the RespiFinder

and 20 respiratory viruses and five bacteria were screened by

using the Fast-track (Table 1). The RespiFinder and the Fast-

track methods test a very similar virus profile. The differences

are that the Fast-track identifies Rhinovirus and Enterovirus

separately, discriminates Human Metapneumovirus in A and

B, and test for Parechovirus, while the RespiFinder does not

distinguish Rhinovirus from Enterovirus (reported as RV/EV),

identifies Human Metapneumovirus in general and does not

test for Parechovirus (Table 1).

Eight samples were tested only with the RT-PCR kit for

H1N1 virus during the epidemic, while 63 samples (89%)

were retested later at least with two methods, including the

Respifinder and/or the Fast track in 61 samples (86%) (Table 2).

In order to evaluate the presence of H1N1, we considered a

positive result from any of the four tests in the 71 samples.

For the assessment of viral codetection, we considered the

63 samples which were retested by at least one of the three

methods, other than the RT-PCR kit for H1N1 virus. We used

the term codetection and not coinfection because it is difficult

to attribute a causal relationship between the detected agents

and the clinical picture of the patient.13

Demographic and clinical data were extracted from a spe-

cific data collection form for patients admitted to the PICU

with SARI during the epidemic.

Continuous variables were described as median and

interquartile range and categorical variables were described as

proportions. To compare H1N1-positive versus H1N1-negative

groups and viral mono-dectection and codetection groups

we used age-adjusted logistic regressions for categorical vari-

ables and non-parametric ANCOVA for continuous variables.

In case of categories with zero occurrences, we used the

Mantel–Haenszel test to adjust for age.

Results

Of the 71 samples analyzed in 2009, 27 (38%) were positive for

H1N1. Of the 63 samples retested in 2015, 58 (92.1%) were pos-

itive for one or more viruses. with the following descending

order of frequency: influenza H1N1 (43.1% of positive samples),
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Table 1 – Virus profile identified by four different laboratory methods.

Vírus RT-PCRa influenza H1N1 RT-PCRb other vírus RespiFinderc Fast-trackd

H1N1 X X X

RSV X

RSVA X X

RSV B X X

HMPV X X

HMPV A X

HMPV B X

PIV1 X X X

PIV2 X X X

PIV3 X X X

PIV4 X X

AdV X X X

RV X X

RV/EV X

EV X

HBoV X X

Cor NL63 X X

Cor OC43 X X

Cor 229E X X

Cor HKU1 X X

FLU A X X

FLU B X X

HPeV X

Bordetella pertussis X

Clamydia pneumoniae X X

Mycoplasma pneumoniae X X

Legionella pneumophila X

HiB X

S. aureus X

H1N1, influenza A(H1N1)pdm09; RV, rhinovirus; EV, enterovirus; RSV, respiratory syncytial virus; HMPV, human metapneumovirus; AdV, ade-

novirus; PIV, parainfluenza vírus; HBoV, human bocavirus; Flu, seasonal influenza vírus; Cor, coronavirus; HPeV, Parechovirus; HiB, Hemophilus

influenza B; S aureus, Staphilococcus aureus.
a Kit for H1N1 virus provided by the United States Centers for Disease Control and Prevention (CDC).
b CDC-based kit.
c RespiFinder 22 kit; Pathofinder B.V., The Netherlands.
d FTDRP 21 plus multiplex real-time RT-PCR assay; Fast-track Diagnostics Ltd, Sliema, Malta.

Table 2 – Laboratory methods performed by samples from 71 different patients.

Methods Samplesaa No. of samples

RT-PCR H1N1a 24; 26; 31; 36; 40; 45; 62; 65 8

RT-PCR H1N1a + RT-PCR OTHER VIRUSESb 11; 44 2

RT-PCR H1N1a + RESPIFINDERc 37; 70 2

RT-PCR H1N1a + FAST-TRACKd 47–54 8

RT-PCR H1N1a + RT-PCR OTHER

VIRUSESb + FAST-TRACKd

8 1

RT-PCR H1N1a + RT-PCR OTHER

VIRUSESb + RESPIFINDERc

1–7; 10; 12–17; 19; 22; 23; 25; 27; 30; 33–35;

38; 39; 41– 43; 46; 55–61; 64; 66–71

42

RT-PCR H1N1a + RT-PCR OTHER

VIRUSESb + RESPIFINDERc + FAST-TRACKd

9; 18; 20; 21; 28; 29; 32; 63 8

Total 71

aa Samples numbered from 1 to 71.
a Kit for H1N1 virus provided by the United States Centers for Disease Control and Prevention (CDC).
b CDC-based kit.
c RespiFinder 22 kit; Pathofinder B.V., The Netherlands.
d FTDRP 21 plus multiplex real-time RT-PCR assay; Fast-track diagnostics Ltd, Sliema, Malta.

RV-EV (41.4%), RSV (12.1%), HMPV (12.1%), adenovirus (6.9%),

bocavirus (3.5%) parainfluenza (3.5%), coronavirus 43 (1.7%),

and seasonal influenza (1.7%). Of these 58 positive samples,

45 were mono-detections (77.6%) and 13 were codetections

(22.5%), 11 with two viruses (19.0%), and two with three viruses

(3.5%). The most frequent combination of codetected viruses

were RV-EV and RSV (four of 13 samples with two or more

viruses). Of the original 27 H1N1-positive samples, 25 were
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Table 3 – Mono-detection and co-detection of viruses in 63 respiratory samples from patients admitted to the PICU
during the 2009 influenza A(H1N1) pandemic in Rio de Janeiro, Brazil.

Any virus H1N1 Rhino/EV RSV HMPV AdV PIV HBoV Flu Cor 43

Positive samples

n (%)

58

(92.0)

25

(43.1)

24

(41.4)

7

(12.1)

7

(12.1)

4

(6.9)

2

(3.5)

2

(3.5)

1

(1.7)

1

(1.7)

Mono-detection

n (%)

45

(76.6%)

20

(80.0)

15 (62.5) 1

(14.3)

5

(71.4)

2

(50)

0

(100)

2

(100)

0

(0)

0

(0)

Co-detection

n (%)

13

(22.5%)

5

(20.0)

9

(37.5)

6

(85.7)

2

(28.6)

2

(50)

2

(0)

0

(0)

1

(100)

1

(100)

CO-detection matrix H1N1 Rhino/EV RSV HMPV AdV PIV HBoV Flu CoV 43

H1N1

n (%)

– 1

(4.2)

1

(14.3)

1

(14.3)

0

(0)

0

(0)

0

(0)

1

(100)

0

(0)

RSV

n (%)

1

(4.0)

4

(16.7)

– 0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

Rhino

n (%)

1

(4.0)

– 4

(57.1)

1

(14.3)

0

(0)

2

(100)

0

(0)

0

(0)

0

(0)

HMPV

n (%)

1

(4.0)

1

(4.2)

0

(0)

– 0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

Flu

n (%)

1

(4.0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

– 0

(0)

PIV

n (%)

0

(0)

2

(8.3)

0

(0)

0

(0)

0

(0)

– 0

(0)

0

(0)

0

(0)

AdV

n (%)

0

(0)

0

(0)

0

(0)

0

(0)

– 0

(0)

0

(0)

0

(0)

0

(0)

HBoV

n (%)

0

0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

– 0

(0)

0

(0)

CoV 43

n (%)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

–

Rhino + ADV + H1N1

n (%)

1

(4)

1

(4.2)

1

(25)

RSV + AdV + Co43

n (%)

1

(14.3)

1

(25)

1

(100)

H1N1, influenza A(H1N1)pdm09; Rhino/EV, rhinovirus/enterovirus; RSV, respiratory syncytial virus; HMPV, human metapneumovirus; AdV,

adenovirus; PIV, parainfluenza vírus; HBoV, human bocavirus; Flu, seasonal influenza vírus; Cor, coronavirus.

retested and five (20%) showed codetection with other viruses.

The H1N1 virus was present in 46.5% of the samples with a sin-

gle virus (20/43) and in 33.3% of the samples with codetection

(5/13) (Table 3).

Of the 71 originally analyzed samples, 16 had incomplete

data in the corresponding case report forms (22.5%). Therefore,

most of the clinical variables and outcomes were evaluated in

55 cases.

Twenty-one patients (38.2%) presented with one comor-

bidity, and 28 (40%) with two or more comorbidities,

such as chronic encephalopathy (25.6%), bronchiolitis

(25.6%), cardiopathy (16.2%), hematological disease (16.2%),

asthma (13.9%), malnutrition (13.9%), cancer (13.9%), other

chronic pneumopathologies (9.3%), AIDS (4.6%), and obesity

(2.3%).

Chest X-rays were abnormal in 96.4% of the patients, the

most common being diffuse infiltrates (52.8%) and alveolar

consolidations (43.4%).

Oseltamivir was administered to 70.9% of the cases, more

than 48 h after the onset of symptoms in most cases, while

antibiotics were given in 85.5%, corticosteroids in 52.7%, and

antifungal agents in 25.5% of the cases.

Organic dysfunction was present in 60% of the patients,

and 90% of those had two or more affected systems.

Fig. 1 – Distribution of respiratory H1N1 positive and H1N1

negative samples relative to age groups of the patients.

Fig. 2 – Distribution of respiratory virus mono-detection

and co-detection relative to age group of the patients.
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Table 4 – Demographic and clinical characteristics at admission of children admitted to the PICU in Rio de Janeiro during the 2009 influenza A(H1N1) pandemic,
according to H1N1-negative versus H1N1-positive detection and viral mono-detection versus viral co-detection in respiratory secretions.

Demographic

characteristics

at admission

H1N1-negative

n = 44

H1N1-positive

n = 27

OR (CI 95%) p-value Mono-detection

n = 45

Co-detection

n = 27

OR (CI 95%) p-value

Sex – n (%)

Female 17 (38.6%) 11 (40.7%) Ref 0.965aa 17 (37.8%) 4 (30.8%) Ref

Male 27 (61.4%) 16 (59.3%) 0.98 (0.34–2.79) 28 (62.2%) 9 (69.2%) 1.36 (0.36–5.12) 0.647aa

Median age

(years)

(p25–p75)

<1 (0.2–2.0) 3 (0.5–8.5) – 0.003bb 1 (<1–5) <1 (<1–3) – 0.540bb

Age group – n (%)

>5 3 (6.8%) 11 (40.7%) Ref 10 (22.2%) 3 (23.1%) Ref

1–5 17 (38.6%) 9 (33.3%) 0.14 (0.03–0.65) 0.012aa 17 (37.8%) 7 (53.8%) 0.59 (0.1–3.49) 0.559aa

<1 24 (54.5%) 7 (25.9%) 0.08 (0.02–0.37) 0.001aa 18 (40.0%) 3 (23.1%) 1.30 (0.27–6.16) 0.744aa

Clinical

characteristics at

admission

n = 28 n = 27 p-value n = 34 n = 11 p-value

Median time

between

symptoms and

admission (days)

(p25–p75)

3 (2.7) 4 (3.7) – 0.272bb 4 (2–7) 5 (4–10) – 0.163bb

Use of oseltamivir – n (%)

No 6 (21.4%) 7 (25.9%) Ref 8 (23.5%) 2 (18.2%) Ref

Yes 22 (78.6%) 20 (74.1%) 0.90 (0.23–3.46) 0.880aa 26 (76.5%) 9 (81.8%) 1.38 (0.25–7.76) 0.714aa

Median time of

Oseltamivir use

after symptoms

(days) (p25–p75)

4 (2.8) 3.5 (2–5.2) – 0.636bb 3 (2–6) 7 (4–9) – 0.369bb

Comorbidities – n (%)

No 6 (21.4%) 6 (22.2%) Ref 6 (17.6%) 4 (36.4%) Ref

Yes 22 (78.6%) 21 (77.8%) 0.71 (0.17–2.87) 0.629aa 28 (82.4%) 7 (63.6%) 0.38 (0.08–1.75) 0.212aa

Symptoms at admission –n (%)

Fever 11 (39.3%) 22 (81.5%) 5.30 (1.40–19.98) 0.014aa 22 (64.7%) 7 (63.6%) 0.99 (0.23–4.34) 0.999aa

Cough 10 (35.7%) 20 (74.0%) 4.04 (1.62–16.35) 0.028aa 22 (64.7%) 5 (45.5%) 0.45 (0.11,1.87) 0.274aa
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– Table 4 (Continued)

Demographic

characteristics

at admission

H1N1-negative

n = 44

H1N1-positive

n = 27

OR (CI 95%) p-value Mono-detection

n = 45

Co-detection

n = 27

OR (CI 95%) p-value

Tachypnea 20 (71.4%) 24 (88.9%) 6.26 (1. 01–38.99) 0.049aa 28 (82.4%) 10 (90.9%) 2.11 (0.22–19.9) 0.513aa

O2 Sat ≤92 on

room air

13 (46.4%) 10 (37.0%) 1.17 (0.34–4.00) 0.806aa 12 (35.3%) 5 (45.5%) 1.51 (0.36–6.39) 0.578aa

Chest

retractions

13 (46.4%) 15 (55.5%) 2.14 (0.63–7.33) 0.225aa 15 (44.1%) 9 (81.8%) 5.88 (1.07–32.4) 0.042aa

Prostration 8 (28.6%) 14 (51.8%) 1.66 (0.48–5.77) 0.428aa 15 (44.1%) 3 (27.3%) 0.43 (0.08–2.32) 0.329aa

Hypotension 2 (7.1%) 0 (0%) – – 1 (2.9%) 1 (9.1%) 3.21 (0.18–57.8) 0.429aa

Dehydration 5 (17.8%) 7 (25.9%) 1.94 (0.47–8.06) 0.359aa 7 (20.6%) 2 (18.2%) 0.86 (0.15–4.95) 0.869aa

Diarrheaa 0 (0%) 1 (3.7%) – – 1 (2.9%) 0 (0%) – –

Vomiting 1 (3.6%) 3 (11.1%) 4.73 (0.43–51.71) 0.203aa 3 (8.8%) 0 (0%) – –

Myalgia 2 (7.1%) 1 (3.7%) 0.12 (0.01–2.17) 0.152aa 1 (2.9%) 1 (9.1%) 4.01 (0.2–80.53) 0.994aa

Headachea 0 (0%) 1 (3.7%) – – 0 (0%) 1 (9.1%) – –

Chest X-ray at admission – n (%)a

Normal 3 (10.7%) 0 (0%) 1 (2.9%) 0 (0%)

Altered 25 (89.3%) 27 (100%) – 0.155cc 33 (97.1%) 11 (100.0) – 0.519cc

n = 23 n = 26 p-value n = 32 n = 8 p-value

Complementary examinations at admission – median (p25–p75)

Leukocytes 12,200 4550 –
< 0.001bb

7460 10,100 – 0.001bb

(9550–15200) (2925–8917.5) (3400–12850) (3850–13250)

The values of N and p-value with statistical significance are shown in bold.

OR, odds ratio; Ref, reference category.
aa Logistic regression adjusted by age.
bb Non-parametric ANCOVA adjusted by age as a continuous variable.
cc Mantel–Haenzel adjusted by age as a categorical variable (<1 year, 1 and 5 years and >5 years)
a Odds ratios were not calculated when there was a category with zero occurrence.
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Table 5 – Outcomes of severity in children admitted to the PICU in Rio de Janeiro during the 2009 influenza A(H1N1)
pandemic, according to H1N1-negative versus H1N1-positive detection and viral mono-detection versus viral
co-detection in respiratory secretions.

Outcomes H1N1-negative

n = 28

H1N1-positive

n = 27

OR (CI 95%) p-value Mono-detection

n = 34

Co-detection

n = 11

OR (CI 95%) p-value

Organ dysfunction n (%)

0 13 (46.4) 9 (33.3) Ref 12 (35.3) 4 (36.4) Ref

1 1 (3.6) 2 (7.4) 4.72 (0.35–63.14) 0.240aa 2 (5.9) 1 (9.1) 1.47 (0.10–21.24) 0.776aa

≥2 14 (50.0) 16 (59.3) 0.94 (0.26–3.40) 0.920aa 20 (58.8) 6 (54.5) 0.93 (0.20–4.31) 0.925aa

Mechanical ventilation n (%)

No 20 (71.4) 16 (59.3) Ref 21 (61.8) 7 (63.6) Ref

Yes 8 (28.6) 11 (40.7) 1.06 (0.30–3.80) 0.929aa 13 (38.2) 4 (36.4) 0.96 (0.22–4.19) 0.962aa

Vasoactive amines n (%)

No 16 (57.1) 14 (51.9) Ref 17 (50.0) 6 (54.5) Ref

Yes 12 (42.9) 13 (48.1) 0.96 (0.29–3.16) 0.949aa 17 (50.0) 5 (45.5) 0.85 (0.21–3.39) 0.820aa

Median time of stay in PICU (days) (p25–p75)

8 (5.15) 9 (5.19) – 0.748bb 11 (5–16.5) 8 (6–11.5) – 0.737bb

Median time of hospitalization (days) (p25–p75)

12 (5.17) 12 (7.27) – 0.632bb 12 (6–25) 12 (9–18.5) – 0.927bb

n = 44 n = 27 n = 45 n = 13

Outcome – n (%)

Discharge38 (86.4) 22 (81.5) Ref 39 (86.7) 12 (92.3) Ref

Death 6 (13.6) 5 (18.5) 0.95 (0.22,4.13) 0.950aa 6 (13.3) 1 (7.7) 0.56 (0.05–5.86) 0.632aa

OR, odds ratio; CI, confidence interval; Ref, reference category.
aa Logistic regression adjusted by age.
bb Non-parametric ANCOVA ajusted by age as a continous variable.

H1N1-positive compared to H1N1-negative patients had

a higher median age (3 years vs. <1 year, p = 0.003), but

not codetection group compared to mono-detection group

(Figs. 1 and 2 and Table 2). Therefore, all subsequent analyses

were adjusted for age. H1N1-positive patients presented more

frequently fever (OR = 5.30, 95%CI = 1.40–19.98, p = 0.014), cough

(OR = 4.04, 95%CI = 1.62–16.35, p = 0.028), tachypnea (OR = 6.26,

95%CI = 1.01–38.99, p = 0.049), and lower leukocyte count

(median of 4550 vs. 12,200, p < 0.001) (Table 4). There were no

differences between the two groups in terms of organic dys-

function, use of mechanical ventilator and vasoactive amines,

hospital and PICU length of stay, and death (Table 5).

Comparing mono-detection and codetection groups, no

differences in relation to variables at admission or outcomes

were found (Tables 4 and 5).

The fatality rate was 15.5%. Of the 11 patients who died,

clinical data forms were only available for nine. Seven had

comorbidities, and all nine had abnormalities in chest X-rays.

Eight patients were given oseltamivir, but only four within 48 h

of the onset of symptoms. H1N1 virus was isolated from five

of these 11 patients, in four cases as a single virus and in one

case associated to RV/EV and adenovirus. In the remaining six

samples, adenovirus was detected in one, RV/EV in another

and no viruses in a third. (Table 6).

Discussion

In the present study, 38% of all samples were positive for

H1N1 virus, while 92.1% were positive for some virus. Viral

codetection occurred in 20% of the H1N1-positive samples and

in 22.5% of all positive samples for some virus. H1N1-positive

patients were older, had higher frequency of fever and cough,

and lower leukometry compared to H1N1-negative patients.

We found no association between viral codetection and clini-

cal variables or outcomes.

Data on the profile and frequency of viral detection and

codetection with H1N1 virus are highly variable among the

studies.4,7,9,12,15

The 2009 pandemic presented unique opportunity to study

the H1N1 virus, other etiological agents implicated in SARI,

and viral codetection. There are reports of positive non-

specific viral detection ranging from 60 to 90% during the

2009 pandemic.8,9,12,15 The high frequency of virus positivity

observed in our study in the retested samples (92.1%) can prob-

ably be explained by the association of methods used to test

most samples and the high sensitivity and specificity of the

laboratory methods employed16–18 since three or more meth-

ods were employed in 81% of the retested samples and the

RespiFinder and/or Fast-track methods were used in 97% of

the retested samples.

The frequency of H1N1 detection in our study (38%) was

consistent with literature data of hospitalized patients dur-

ing the epidemic in other cities in Brazil, which ranged from

18.2% in São Paulo (children and adults)8 to 31.1% in Porto Ale-

gre (only children).10 In other countries, frequencies of H1N1

detection in hospitalized patients varied from 16.5% in Swe-

den (only children)12 to 47% in the US (children and adults).4

The frequency of viral codetection in previous reports

also varies widely, but is higher in young children. In USA,
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Table 6 – Characteristics of patients with an outcome of death, among the 71 children admitted to the PICU in Rio de
Janeiro during the 2009 influenza A(H1N1) pandemic.

Patient Age Sex Chronic illness Chest X-ray Oseltamivir Oseltamivir 1st dose H1N1 Other virus(es)

1 14yr. F Encephalopathy,

asthma,

malnutrition

Condensation;

atelectasis

No Yes None

2 6mo. F Encephalopathy Infiltration Yes >48 h No None

3 2yr. M None Infiltration Yes <48 h No Adenovirus

4 14yr. M High-risk

Acute

Lymphoid

Leukemia

Condensation/DP Yes >48 h Yes None

5 8mo. M Cardiopathy Condensation Yes <48 h No NA

6 1yr. M None Condensation/DP Yes <48 h Yes None

7 18mo. F NI NI NI No NA

8 3yr. F AIDS Condensation Yes <48 h No Rhino/EV

9 8mo. F Encephalopathy,

obesity

Condensation Yes >48 h Yes Rhino/EV + adenovirus

10 10yr. M Acute

Lymphoid

Leukemia;

malnutrition

Infiltration Yes >48 h Yes None

11 4yr. F NI NI NI No NA

NI, no information; NA, not applicable (only one method used).

two studies of hospitalized adults and children found a viral

codetection rate of 7.3%4 and 13%.7 In hospitalized children,

the frequency of coinfection was 14.6% in Sweden,12 41% of

preschool-age patients in Brazil,9 and 61.8% in Barcelona.15

In our study, viral codetection was more frequent in H1N1-

negative patients, who were younger than H1N1-positive

patients. The most frequent codetection was a combination of

RV-EV and RSV. Similar results were found in Barcelona, where

the main codetections were RV-EV/RSV-B and RSV-A/RSV-B.15

The high frequency of comorbidities in the population

of critically ill children of our study, primarily chronic

encephalopathy and a previous history of bronchiolitis, was

similar to that reported in hospitalized patients in the US

(73%)19 and in children admitted to the PICU in Germany

(75%),20 where neurodevelopmental diseases were the most

prevalent.

The main symptoms found in our study group were

tachypnea, followed by fever and cough. The H1N1-positive

subgroup presented a higher frequency of fever, cough and

tachypnea and lower leukocyte count when compared to the

H1N1-negative subgroup. Cough is a characteristic of H1N1

infection,21–23 as well as leukopenia.9 In Taiwan, leukopenia

was found in 64.2% of cases and was more frequent in H1N1-

positive.22

During the 2009 pandemic, H1N1 was more frequent in

young adults and in children younger than five years of

age.6,24–26 In addition, the incidence of SARI for H1N1 was

higher in children younger than two years24 and this group

was included as a priority in the first vaccination campaigns

in Brazil.13 This phenomenon can be explained by the high

susceptibility of children to H1N1, a virus with a high potential

for transmission and completely new to the pediatric popula-

tion, who had no antibodies with cross-reactivity.27,28 In our

study, however, H1N1-positive children were older than the

H1N1-negative children. Although this may have been only

an effect of the small sample size, other studies have found

similar results.6,21,29 The main hypothesis raised by some of

these authors is that the presence of previous acquired non-

protective antibodies in older children and young adults might

lead to a cross-reaction with the H1N1 virus, which could

lead to immunecomplex formation and severe lung disease.29

Smaller children would have a less robust immune response to

H1N1 virus, preventing progression to immune-mediated lung

disease.21 Another possible explanation would be an earlier

and more aggressive treatment in younger children, because

they are a risk group.21

In our study, chest X-ray imaging showed diffuse infiltrates

in 52.8% of the cases and alveolar consolidations in 43.4%,

which is consistent with previously published studies.4

We observed a high case fatality rate of 15.5%, possibly

related to the severity of illness in our study population, which

is comparable to literature data. A fatality rate of 18.6% was

found in a German study with a similar population of PICU-

admitted children during the pandemic period.20 In Porto

Alegre, Brazil,10 a fatality rate of 9.1% was described among

younger hospitalized children.

The association between viral codetection and severity

of illness in children is controversial in the literature. Some

studies call attention to specific codetections associated with

worse prognosis.29,30 We compared the H1N1-positive and

negative groups, as well as the nonspecific viral codetection

and mono-dectection groups in relation to severity outcomes.

We found no association between these outcomes and the

presence of H1N1 or nonspecific viral codetection in respira-

tory secretions, but our small sample size may have influenced

the strength of causal association. In other Brazilian stud-

ies carried out during the pandemic, the authors found

an association of viral codetection with hospitalization9and
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mechanical ventilation.10 In Ohio, patients coinfected with

rhinovirus tended to present a less severe clinical picture than

those coinfected with other viruses.7

Data from epidemiological reports in Brazil31–33 and stud-

ies in other countries3,34,35 showed that, in the post-pandemic

period, H1N1 virus continues to circulate and cause SARI

and deaths. The influenza virus continues to mutate and

frequently re-appears in variant forms. In March 2013, the

influenza A(H7N9) virus circulated mainly in China causing

serious illness.36 In November 2015, there was one human case

of influenza A(H1N2) in Brazil.33 The threat of new pandemics

is a reality and continuing surveillance is essential.

This study has some limitations. The use of retrospec-

tive data restricted the amount of information available. The

incomplete data allied to the small sample size made com-

parisons difficult between subgroups. The non-significant

associations between the analyzed subgroups and the stud-

ied variables and outcomes may have occurred due to lack of

statistical power.

In addition, the viral isolation methods were performed

according to availability of reagents and equipment, result-

ing in the utilization of four different methods. However,

most samples were tested with the RespiFinder and/or Fast-

track methods, optimizing virus isolation. Finally, there was

a great interval between the first test for H1N1 and the

retest for other virus. Nevertheless, the samples were stored

appropriately and were retested only after an assessment for

viability.

Conclusions

Other etiologic agents besides influenza A(H1N1)pmd09 virus

can be responsible for SARI in children admitted to the PICU.

The association between viral codetection and disease sever-

ity is still controversial. This study represents a contribution to

the understanding of viral respiratory infections in the poorly

studied population of children admitted to the PICU. More

epidemiological studies and improvements in viral detection

techniques are needed to define the true role of viral coinfec-

tions in respiratory diseases.

Ethical approval

This study was approved by the Committee of Ethics

in Research of the Institute for Research & Education

(IDOR), Rio de Janeiro, Brazil, on September 23, 2014 (CAEE:

34179214.3.0000.5249). The consent term was waived since

this was a retrospective data extraction from patients records.

Funding

Fundação Carlos Chagas Filho de Amparo à Pesquisa do Estado

do Rio de Janeiro (FAPERJ), Grant Number E-26/110.753/2010.

Conflicts of interest

The authors declare no conflicts of interest.

r e f e r e n c e s

1. Niederman MS, Krilov LR. Acute lower respiratory infections
in developing countries. Lancet. 2013;381:1341–2.

2. De Paulis M, Gilio AE, Ferraro AA, et al. Severity of viral
coinfection in hospitalized infants with respiratory syncytial
virus infection. J Pediatr (Rio J). 2011;87:307–13.

3. Meningher T, Hindiyeh M, Regev L, et al. Relationships
between A(H1N1)pdm09 influenza infection and infections
with other respiratory viruses. Influenza Other Respir
Viruses. 2014;8:422–30.

4. Echenique IA, Chan PA, Chapin KC, et al. Clinical
characteristics and outcomes in hospitalized patients with
respiratory viral co-infection during the 2009 H1N1 influenza
pandemic. PLoS ONE. 2013;8:e60845.

5. Nascimento MS, Souza AV, Ferreira AV, et al. High rate of viral
identification and coinfections in infants with acute
bronchiolitis. Clinics (Sao Paulo). 2010;65:1133–7.

6. Libster R, Bugna J, Coviello S, et al. Pediatric hospitalizations
associated with 2009 pandemic influenza A (H1N1) in
Argentina. N Engl J Med. 2010;362:45–55.

7. Esper FP, Spahlinger T, Zhou L. Rate and influence of
respiratory virus co- infection on pandemic (H1N1) influenza
disease. J Infect. 2011;63:260–6.

8. Camargo C, Guatura SB, Bellei N. Respiratory viral coinfection
among hospitalized patients with H1N1 2009 during the first
pandemic wave in Brazil. Braz J Infect Dis. 2012;16:
180–3.

9. Fawkner-Corbett DW, Duarte MC, Rose K, et al. The impact of
the H1N1 influenza pandemic on clinical presentations and
viral epidemiology of acute respiratory infection in preschool
children in Brazil. Pediatr Infect Dis J. 2012;31:
653–5.

10. Scotta MC, Mattiello R, Maróstica PJC, et al. Fatores de risco
para necessidade de ventilação mecânica em crianças com
Influenza A(H1N1)pdm09. J Pediatr. 2013;89:
444–9.

11. Eriksson CO, Graham DA, Uyeki TM, et al. Risk factors for
mechanical ventilation in U.S. children hospitalized with
seasonal influenza and 2009 pandemic influenza A. Pediatr
Crit Care Med. 2012;13:625–31.

12. Rhedin S, Hamrin J, Naucler P, et al. Respiratory viruses in
hospitalized children with influenza-like illness during the
H1N1 2009 pandemic in Sweden. PLoS ONE. 2012;7.

13. Saúde Md. Protocolo de manejo clínico e vigilância
epidemiológica da influenza. In: Secretaria de Vigilância em
Saúde GPdEdSP, editor. Brasília; 2009.

14. WHO. Global Epidemiological Surveillance Standards for
Influenza. 2012. Available at http://www.who.int/influenza/
resources/documents/influenza surveillance manual/en/
[accessed 22.08.18].

15. Martinez-Roig A, Salvado M, Caballero-Rabasco MA, et al.
Viral coinfection in childhood respiratory tract infections.
Arch Bronconeumol. 2015;51:5–9.

16. Beck ET, Henrickson KJ. Molecular diagnosis of respiratory
viruses. Future Microbiol. 2010;5:901–16 [review. PubMed.
PMID: 20521935].

17. Kehl SC, Kumar S. Utilization of nucleic acid amplification
assays for the detection of respiratory viruses. Clin Lab Med.
2009;29:661–71 [review. PubMed PMID. 19892227].

18. Henrickson KJ. Cost-effective use of rapid diagnostic
techniques in the treatment and prevention of viral
respiratory infections. Pediatr Ann. 2005;34:24–31 [review.
PubMed PMID: 15693213].

19. Jain S, Kamimoto L, Bramley AM, et al. Hospitalized patients
with 2009 H1N1 influenza in the United States, 2009. N Engl J
Med. 2009;361:1935–44.



b r a z j i n f e c t d i s . 2 0 1 8;22(5):402–411 411

20. Altmann M, Fiebig L, Buda S, et al. Unchanged severity of
influenza A(H1N1)pdm09 infection in children during first
postpandemic season. Emerg Infect Dis. 2012;18:1755–62.

21. Bagdure D, Curtis DJ, Dobyns E, et al. Hospitalized children
with 2009 pandemic influenza A (H1N1): comparison to
seasonal influenza and risk factors for admission to the ICU.
PLoS ONE. 2010;5:e15173.

22. Yang TH, Chu D, Hu BS, et al. Early experience of the
pandemic influenza H1N1 2009 epidemic in Taiwan. J Chin
Med Assoc. 2011;74:298–304.

23. Rossetto EV, Luna EJ. Clinical aspects of influenza
A(H1N1)pdm09 cases reported during the pandemic in Brazil,
2009–2010. Einstein (Sao Paulo). 2015;13:177–82.

24. Saúde Md. Boletim Informativo Janeiro 2013. In: Saúde SdVe,
editor. Brasil; 2013.

25. Saúde Md. Boletim Informativo Dezembro 2013. In: Saúde
SdVe, editor. Brasil; 2013.

26. Oliveira W, Carmo E, Penna G, et al. Pandemic H1N1 influenza
in Brazil: analysis of the first 34,506 notified cases of
influenza-like illness with severe acute respiratory infection
(SARI). Euro Surveill. 2009;14.

27. Karageorgopoulos DE, Vouloumanou EK, Korbila IP, et al. Age
distribution of cases of 2009 (H1N1) pandemic influenza in
comparison with seasonal influenza. PLoS ONE.
2011;6:e21690.

28. Miller E, Hoschler K, Hardelid P, et al. Incidence of 2009
pandemic influenza A H1N1 infection in England: a
cross-sectional serological study. Lancet. 2010;375:1100–8.

29. Tran D, Vaudry W, Moore DL, et al. Comparison of children
hospitalized with seasonal versus pandemic influenza A,
2004–2009. Pediatrics. 2012;130:397–406.

30. Semple MG, Cowell A, Dove W, et al. Dual infection of infants
by human metapneumovirus and human respiratory
syncytial virus is strongly associated with severe
bronchiolitis. J Infect Dis. 2005;191:382–6.

31. Saúde Md. Boletim Epidemiológico 2014. In: Saúde SdVe,
editor. Brasil; 2014.

32. Ministério da Saúde. Boletim Epidemiológico 2015. In: Saúde
SdVe, editor; 2015.

33. Ministério da Saúde. Informe Epidemiológico 2016. In: Saúde
SdVe, editor; 2016.

34. Li T, Fu C, Di B, et al. A two-year surveillance of 2009
pandemic influenza A (H1N1) in Guangzhou, China: from
pandemic to seasonal influenza? PLoS ONE. 2011;6:e28027.

35. Budd A, Blanton L, Kniss K, et al. Update: influenza activity –
United States and worldwide, May 22–September 10, 2016.
MMWR Morb Mortal Wkly Rep. 2016;65:1008–14.

36. Huo X, Chen L, Qi X, et al. Significantly elevated number of
human infections with H7N9 virus in Jiangsu in eastern
China, October 2016 to January 2017. Euro Surveill. 2017;22.


	Viral detection profile in children with severe acute respiratory infection
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Ethical approval
	Funding
	Conflicts of interest
	References


