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Abstract

Background: The swine-origin influenza A(H1N1)pdm09 pandemic of 2009 had a slower spread in Europe than expected.
The human rhinovirus (HRV) has been suggested to have delayed the pandemic through viral interference. The importance
of co-infections over time during the pandemic and in terms of severity of the disease needs to be assessed.

Objective: The aim of this study was to investigate respiratory viruses and specifically the presence of co-infections with
influenza A(H1N1)pdm09 (H1N1) in hospitalized children during the H1N1 pandemic. A secondary aim was to investigate if
co-infections were associated with severity of disease.

Methods: A retrospective study was performed on 502 children with influenza-like illness admitted to inpatient care at a
pediatric hospital in Stockholm, Sweden during the 6 months spanning the H1N1 pandemic in 2009. Respiratory samples
were analyzed for a panel of 16 viruses by real-time polymerase chain reaction.

Results: One or more viruses were detected in 61.6% of the samples. Of these, 85.4% were single infections and 14.6% co-
infections (2–4 viruses). The number of co-infections increased throughout the study period. H1N1 was found in 83 (16.5%)
children and of these 12 (14.5%) were co-infections. HRV and H1N1 circulated to a large extent at the same time and 6.0% of
the H1N1-positive children were also positive for HRV. There was no correlation between co-infections and severity of
disease in children with H1N1.

Conclusions: Viral co-infections were relatively common in H1N1 infected hospitalized children and need to be considered
when estimating morbidity attributed to H1N1. Population-based longitudinal studies with repeated sampling are needed
to improve the understanding of the importance of co-infections and viral interference.
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Introduction

Influenza pandemics have struck human societies throughout

history, sometimes with devastating outcome [1]. In March 2009,

the novel swine-origin influenza A(H1N1)pdm09 (referred

throughout as H1N1) was reported in Mexico causing great fear

in countries worldwide [2,3]. The spread in Europe was however

slower than expected [4]. In Sweden, the first sporadic cases were

diagnosed in May 2009 and not until October, after a smaller peak

in July and August, the reported cases increased to peak in

November 2009 [5]. Sweden was one of the countries that adopted

countrywide vaccination against H1N1 reaching a coverage of

approximately 60% of the population, with the first doses

distributed in the middle of October 2009, and vaccination may

have contributed to the rapid decline in reported cases in

December [6].

The delayed spread of H1N1 in Sweden during the early

autumn of 2009 has been suggested to be due to viral interference

with human rhinovirus (HRV) [7]. Also in Norway and France,

high PCR detection ratio of HRV in early autumn before the

spread of H1N1 was reported [8,9], but the hypothesis of viral

interference between H1N1 and HRV has been contradicted in

studies from Italy and USA [10,11]. Viral interference refers to

that infections with one virus affect the spread of other viruses
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reflecting either an epidemiological or a biological interaction,

which in turn could be due to a cellular or immunological

mechanism [7,12,13]. Although the H1N1 pandemic has been

extensively investigated there are limited studies that have assessed

viral co-infections over time and their importance in severity of

disease during the pandemic.

We investigated viral real-time polymerase chain reaction

(PCR) data of respiratory samples and clinical records in

hospitalized children with influenza-like illness (ILI) in Stockholm,

Sweden during the H1N1 pandemic in 2009. The aim of this study

was to investigate respiratory viruses and specifically the presence

of co-infections with influenza A(H1N1)pdm09 (H1N1) in

hospitalized children during the H1N1 pandemic. A secondary

aim was to investigate if co-infections were associated with severity

of disease.

Materials and Methods

Study Design
The study was a retrospective study of children 0–17 years with

suspected influenza admitted to inpatient care at Astrid Lindgren

Children’s Hospital at Karolinska University Hospital in Solna, a

tertiary university hospital in Stockholm, Sweden between July 1

and December 30 2009, the period of the H1N1 pandemic in

Stockholm. The catchment area covered 221 585 children 0–17

years [14]. The policy of the hospital during the H1N1 pandemic

was to collect respiratory samples for viral PCR analyses from

every child who was admitted to inpatient care with clinical

suspicion of influenza i.e. ILI, including children with unspecific

symptoms, such as abdominal pains, vomiting, diarrhea, seizures

and apnea (in infants).

Children admitted to inpatient care in which a respiratory

sample was analyzed by viral PCR during the study period were

identified at the accredited (ISO 15189:2007) Microbiological

Laboratory at Karolinska University Hospital. The children were

excluded if the respiratory samples had initially been tested solely

for H1N1 and respiratory syncytial virus (RSV) and the material

was insufficient for analysis of additional viruses or if the

respiratory samples were taken without clinical suspicion of

influenza i.e. surveillance testing when children were moved to

the pediatric intensive care unit or elective bronchoscopy. If a

child was sampled more than once, only the first sample was

included in the analyses.

Demographic and clinical data were collected from the medical

records. Data on vaccination were available for the children with

H1N1 but were not systematically collected for all admitted

children. Children were categorized according to underlying

condition: 1) previously healthy, 2) asthma including children with

multiple episodes of obstructive bronchitis, 3) neuromuscular

disease, 4) immunosuppression, 5) preterm birth, congenital heart

disease and chronic respiratory disease, and 6) other underlying

conditions such as renal, metabolic and gastrointestinal diseases.

Clinical manifestations during admission were further classified as:

1) uncomplicated (admitted for observation, slight dehydration), 2)

respiratory problems such as wheezing, tracheitis, croup and

obstructive apnea, 3) suspected bacterial infections such as

pneumonia, empyema, bacterial tonsillitis and otitis media, 4)

seizures (both febrile and afebrile), 5) other manifestations

(gastroenteritis, ileus, metabolic acidosis, myocarditis, renal failure,

encephalitis, viral meningitis and myositis). Moreover, admission

to the pediatric intensive care unit (PICU) and duration of

hospitalization were recorded.

Ethics Statement
The study was part of a large retrospective review of clinical

data covering 20 years of influenza epidemics in Stockholm

approved by the Regional Ethics Review Board in Stockholm

(dnr2009/1878-31/1). The guardians consented verbally to the

collection of microbiology samples and were informed about the

results at the time of the child’s admission according to routine

clinical practice. Written consents from the guardian’s were not

collected due to the nature of the study.

Sampling and Microbiological Analyses
Respiratory samples were collected either at the emergency unit

or at the pediatric inpatient ward. The majority of samples were

obtained from nasopharyngeal aspirates (n = 427) or nasopharyn-

geal swabs (n = 60) and a few were obtained from tracheal

secretion (n = 11), oropharyngeal secretion (n = 2) or bronchoal-

veolar lavage (n = 2). The samples were extracted with MagAttract

Virus Mini M48 kit (Qiagen) in a BioRobot M48 instrument and

analyzed by an in-house real-time PCR with a virus panel

including the following 16 viruses: influenza A seasonal (FluA) as

well as influenza A(H1N1)pdm09 (H1N1), influenza B (FluB),

human adenovirus (HAdV), human rhinovirus (HRV), parain-

fluenzavirus 1–3 (PIV1-3), human bocavirus (HBoV), human

metapneumovirus (HMPV), respiratory syncytial virus (RSV),

human enterovirus (HEV) and coronavirus serotypes 229E,

HKU1, NL63 and OC43 (HCoV) as previously described [15].

The PCR was mainly based on separate single PCRs, however

duplex PCR was used for PIV1 and PIV3 and for PIV2 and

HCoV-229E. The assay was limited at distinguishing HRV-RNA

from HEV-RNA due to cross-reactivity [15]. Detection of both

Figure 1. Prevalence over time. Total number of detected viruses
among children with influenza-like illness at Astrid Lindgren Children’s
Hospital, Karolinska University Hospital, Stockholm during the influenza
A(H1N1)pdm09 pandemic. Included is also the number of PCR-negative
children (neg, n = 193) as well as total number of sampled children
(n = 502).
doi:10.1371/journal.pone.0051491.g001
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HEV and HRV was determined as only HRV positive if the cycle

threshold value (Ct-value) for HRV was at least 5 cycles lower than

for HEV. If HEV and HRV were found at equally high reactivity

(DCt-values ,5), the infection was clinically determined as HRV

when the predominant symptoms were respiratory tract infection

and as only HEV when the predominant symptoms were fever and

malaise with clinical suspicion of encephalitis or if HEV was also

detected in stool or cerebrospinal fluid. If only a smaller virus

panel including H1N1, FluA, FluB and RSV was initially

performed, the analyses were complemented for the other viruses.

Respiratory samples as well as extracted DNA were stored at

270uC.

Data Analysis
Data were analyzed in STATA version 12.0 and R version 1.40.

Continuous data were analyzed using the Mann-Whitney U-test

and categorical variables using Fisher exact test or chi-square test

as appropriate. In order to address temporal variations and age co-

infections were studied for every half-month and stratification for

age (,1 year, 1 to 6 years and .6 years of age) was performed.

Results

Viral Findings in 502 Respiratory Samples from Children
with ILI

During the study period 559 respiratory samples were analyzed

for respiratory viruses. Twenty-three samples tested solely for

H1N1 and RSV were excluded due to insufficient material for

analysis of additional viruses, 14 samples were taken as surveil-

lance samples without clinical suspicion of influenza and 20

samples were excluded from children with repeated sampling. In

total, 502 unique children were included in the analyses,

representing a large majority of the 599 admissions with a

discharge diagnosis of infection or respiratory disease (ICD-10

diagnosis of A, B or J) during this period. The PCR panel was

positive for at least one virus in 309 of the 502 episodes (61.6%).

Out of the 16 viruses analyzed, all were detected during the study

period except FluA, FluB and HCoV-NL63. HRV was the most

frequent pathogen overall (45.6% of the PCR-positive samples,

28.1% of all samples, n = 141) followed by H1N1 (26.9% of the

PCR-positive samples, 16.5% of all samples, n = 83) (Table 1). The

most frequently detected virus at a specific time point was H1N1 at

the peak of the pandemic in November 2009 (Fig. 1). When

studying the number of PCR detections over time of HRV and

H1N1, the viruses followed a similar pattern coinciding in time

with the highest peak in November, also when most children were

sampled (Fig. 1).

Analysis of H1N1/HRV Co-infections and Viral Dynamics
A single virus was detected in 264 samples (85.4% of the PCR-

positive samples), two viruses in 41 samples (13.3%), three viruses

in 3 (0.9%) and four concurrent viruses in one (0.3%) sample.

HEV, RSV, PIV2, H1N1 and HRV were mainly found as single

infections (in 92.3%, 91.7%, 88.9%, 85.5% and 78.7% respec-

tively) whereas HBoV and HCoV were more rarely detected alone

(in 37.9% and 35.3% of the samples respectively) (Table 1).

The number of co-infections increased through the study period

with a significantly higher proportion of co-infections in October-

December compared to July-September (p = 0.0008) (Fig. 2a). Co-

infections in the H1N1-positive children were exclusively detected

in October-December (Fig. 2b). Of the 83 H1N1-positive children

12 (14.5%) were co-infected with another virus of which 5 (6.0%)

were positive for HRV, these co-infections all occurred in

November, the peak of detection for both viruses (Fig. 2b). When

H1N1-negative children where compared to H1N1-positive

children, HAdV, HCoV, HEV, HRV, PIV1 and RSV where

significantly more often detected in H1N1-negative children

(Table 2).

Viral Findings and Age
Children positive for H1N1 were older (median age 3.3 years)

than children positive for HCoV (median age 2.0, p = 0.02), HEV

(median age 1.3, p,0.01), HRV (median age 1.5 years, p,0.001),

and RSV (median age 0.4, p,0.0001), respectively (Table S1). In

Table 1. Viral co-detection among PCR-positive samples.

Detected virus, n (%)

H1N1 HAdV HBoV HCoV HEV HMPV HRV RSV PIV1 PIV2 PIV3

Positive samplesa 83 (16.5) 29 (5.8) 29 (5.8) 17 (3.4) 13 (2.6) 2 (0.4) 141 (28.1) 12 (2.4) 22 (4.4) 9 (1.8) 2 (0.4)

Single infections 71 (85.5) 18 (62.1) 11 (37.9) 6 (35.3) 12 (92.3) 1 (50.0) 111 (78.7) 11 (91.7) 15 (68.2) 8 (88.9) 1 (50.0)

Co-infectionsb 12 (14.5) 11 (37.9) 18 (62.1) 11 (64.7) 1 (7.7) 1 (50.0) 30 (21.3) 1 (8.3) 7 (31.8) 1 (11.1) 1 (50.0)

H1N1 – 3 (10.3) 4 (13.8) 1 (5.9) 1 (50.0) 5 (3.5) 1 (4.5)

HAdV 3 (3.6) – 1 (5.9) 8 (5.7) 1 (4.5)

HBoV 4 (4.8) – 3 (17.6) 1 (7.7) 1 (50.0) 9 (6.4) 1 (4.5) 1 (11.1)

HCoV 1 (1.2) 1 (3.4) 3 (10.3) – 6 (4.3) 1 (4.5) 1 (50.0)

HEV 1 (3.4) –

HMPV 1 (1.2) 1 (3.4) – 1 (0.7)

HRV 5 (6.0) 8 (27.6) 9 (31.0) 6 (35.3) 1 (50.0) – 1 (8.3) 3 (13.6) 1 (11.1)

RSV 1 (0.7) –

PIV1 1 (1.2) 1 (3.4) 1 (3.4) 1 (5.9) 3 (2.1) –

PIV2 1 (3.4) 1 (0.7) –

PIV3 1 (5.9) –

aNumber in brackets representing percentage of total children (n = 502).
bTriple and quadruple infections counted as multiple double infections.
doi:10.1371/journal.pone.0051491.t001
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an age-stratified analysis, children between 1–6 years (i.e. the usual

age of daycare attendance in Sweden) had a significantly higher

proportion of co-infections compared to the rest of the children

(p = 0.02), however there was no significant age difference when

analyses where restricted to the H1N1-positive children (p = 0.34)

(Fig. 3).

Host Factors and Severity of Disease in Relation to Viral
Findings

Among the 502 children included in the study 51.4% were

reported as previously healthy. The most common underlying

condition was asthma or obstructivity (17.9%), followed by

neurological disorders (10.9%). Children with asthma or obstruc-

tivity had a higher proportion of HRV and HBoV compared to

non-asthmatic children (p,0.0001 and p = 0.003 respectively).

Among the 83 children with H1N1 infections, 13 (15.7%) had

been vaccinated, however, all within less than two weeks prior to

admission. Host factors (age, sex and underlying conditions) as well

as severity of disease were not found to be associated with co-

infections in children with H1N1, except for a tendency of

increased frequency of suspected bacterial infections in H1N1-

coinfected children (p = 0.07) (Table 3).

Children with H1N1 were treated more often (10.8%) at the

pediatric intensive care unit (PICU) than children with other

viruses (3.3%) or negative PCR (2.6%) (p = 0.01 and p = 0.004

respectively). The most common PCR finding in the 21 children

admitted to PICU during the study period was H1N1 (42.9%),

followed by HRV (28.6%). Co-infections were seen in two of the

children (9.5%), 14 were single infections (66.7%) and five children

were PCR-negative (23.9%). Moreover, nine (42.9%) of the PICU

treated children were reported as previously healthy and the most

common underlying condition was neurological disorders (23.8%).

Six of the children (four with terminal cancer and two with

cerebral palsy) died during admission; two with H1N1, one PIV1,

one HRV and two with negative PCR.

Discussion

Among 502 hospitalized children with ILI in Stockholm during

the H1N1 pandemic in 2009, 61.6% had a respiratory virus

detected by PCR and 16.5% were infected with H1N1. We

assessed the impact of co-infections among these children over

Figure 2. Co-infections over time. Number of children with co-infections over time in (a) all children and (b) H1N1-positive children. H1N1-
positive co-infected children divided into co-infection with HRV (H1N1/HRV) and co-infection with other viruses (H1N1/other).
doi:10.1371/journal.pone.0051491.g002

Respiratory Viruses during the H1N1 Pandemic
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time and in relation to severity of disease. Although the

retrospective study design has limitations with clinical data not

being systematically collected, the strength of the study was the

uniquely high sampling coverage with extended viral PCR-

analyses in admitted children, as a result of the hospital policy

during the H1N1 pandemic. The study thus provides a rather

complete assessment of the viral panorama in hospitalized children

with ILI in Northern Stockholm during this six-month period.

Interestingly, among the positive samples only 26.9% were positive

for H1N1, suggesting that several other respiratory viruses caused

ILI.

Co-infections with two or more viruses were detected in 14.6%

of the positive samples, and 14.5% of the H1N1 infected children

were positive for an additional virus. Some viruses were more

often found in combination with another virus e.g. HBoV and

HCoV, while H1N1, HEV, HRV, PIV2 and RSV were mostly

detected as single respiratory viral infections. Furthermore, when

H1N1-negative children where compared to H1N1-positive

children, HAdV, HCoV, HEV, HRV, RSV and PIV1 where

more often detected in H1N1-negative children which suggest an

association of these viruses with ILI. Although attempts have been

made to attribute diseases to individual viruses by quantitative

assessments of the PCR results (CT-values) [16] the single time

point measurements cannot distinguish which virus that causes the

disease. Our results indicate that the causal role of other

respiratory viral infections needs to be considered when estimating

morbidity attributed to H1N1.

Co-infections might be a result of acquiring two viruses

concurrently. Nonetheless, detection of two viruses might rather

be a result of a combination of a newly acquired virus together

with an asymptomatic infection or shedding from a recent

symptomatic infection. HRV is commonly detected in asymptom-

atic individuals and viral shedding is known to occur for several

weeks after an infection [16–18], and can be prolonged in

asthmatic children [19]. Co-infections were here mainly detected

in children 1–6 years of age, indeed the age group attending

daycare in Sweden and known to be at high risk of respiratory

viral infections. The increasing frequency of co-infections during

the study period might also represent accumulation of persistent

viral shedding during the autumn.

The children infected with H1N1 were older than children

infected with HCoV, HEV, HRV and RSV. H1N1-positive

children where also more often treated in the PICU compared to

children with other viral infections indicating the pathogenicity of

H1N1 in this population. Detection of additional viruses in H1N1-

positive children were, as opposed to previous findings [11,20], not

associated with the severity of disease. One explanation could be

the low rate of RSV infections in our material since the study

period included only the beginning of the RSV season and hence

none of the H1N1-positive children were co-infected with RSV. In

South America the two epidemics of H1N1 and RSV coincided

with a reported high morbidity and a high frequency of severe

disease [20]. Unfortunately, bacterial cultures where not system-

atically performed during the study period. This might bias our

results as it has been reported that both influenza and HRV are

associated with increased risk for bacterial infections, such as

Streptococcus pneumoniae [21,22].

The importance of viral interference for the spread of

respiratory disease needs further understanding, as does the role

of co-infections in terms of severity of disease. Although a few

epidemiological studies have assessed the role of viral interference

during the H1N1 pandemic and pointed out HRV as a potential

protective factor for H1N1 infection, the results and conclusions

drawn have been diverging [7–11,23]. As opposed to previous

Table 2. Distribution of virus in H1N1-positive and H1N1-
negative samples.

Detected virus
Total
n

H1N1-
negative
n (%)

H1N1-
positive
n (%) p-value

HAdV 29 26 (11.5) 3 (3.6) 0.046

HBoV 29 25 (11.1) 4 (4.8) 0.12

HCoV 17 16 (7.1) 1 (1.2) 0.049

HEV 13 13 (5.8) 0 (0.0) 0.023

HMPV 2 1 (0.4) 1 (1.2) 0.47

HRV 141 136 (60.2) 5 (6.0) ,0.0001

RSV 12 12 (5.3) 0 (0.0) 0.041

PIV1 22 21 (9.3) 1 (1.2) 0.012

PIV2 9 9 (4.0) 0 (0.0) 0.12

PIV3 2 2 (0.9) 0 (0.0) 1.00

Co-infections 33 (14.6) 12 (14.5) 0.26

Single infections 193 (85.4) 71 (85.5)

No. of positive
samples

226 83

Total no. of samples 419 83

doi:10.1371/journal.pone.0051491.t002

Figure 3. Co-infections and age. Comparison of number of co-
infections according to age between children under 1 year (,1),
children 1–6 years (1–6) and children over six years (.6) in (a) all
children and (b) H1N1-positive children. H1N1-positive co-infected
children divided into co-infection with HRV (H1N1/HRV) and co-
infection with other viruses (H1N1/other).
doi:10.1371/journal.pone.0051491.g003
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reports of low prevalence of H1N1 (or even reduction of H1N1)

when HRV was prevalent [7–9], our data indicated co-circulation

of the two viruses and 6.0% of the children with H1N1 were also

positive for HRV. Our observation is in line with a recent report

from Beijing [24].

The high detection of HRV during the study period might

reflect seasonality of HRV disease, but could also be an effect of

increased sampling due to the fear of influenza A(H1N1)pdm09

during the pandemic. Indeed, the frequency of HRV-detection

seems to closely follow the sampling frequency in children at our

hospital throughout the year (unpublished data).

The viruses detected in these hospitalized children are likely to

only partly reflect the spread of different viruses in the catchment

area during the study period. Our data can therefore not be used

to address whether viral interference prevented the spread of

H1N1 in Stockholm. It might be tempting to use hospital data to

calculate the observed number of co-infections in relation to

expected numbers based on the assumption that infections with

different viruses occur independently of each other within the total

number of hospital specimens [9,23,25,26]. However, these

estimates do not take into account the incidence in the catchment

population nor the hospitalization rate of the children infected by

the respective viruses.

Interestingly, in a recent intervention study, children vaccinated

with inactivated trivalent influenza vaccine carried a higher risk of

future infections with respiratory picornaviruses compared to

children who received placebo [27], suggesting possible interac-

tions between influenza and other viruses. Sweden adopted

countrywide vaccination against H1N1 reaching a coverage of

approximately 60% of the population, with the first doses

distributed in the middle of October 2009 [6] which might have

affected the distribution of respiratory viruses in the studied

population.

Our data indicate that in addition to H1N1, ILI during the

pandemic was associated with a large number of other respiratory

viruses. Viral co-infections in children with H1N1 were not

associated with severity of disease; moreover the findings of

additional viruses in H1N1-positive children need to be taken into

account when attributing morbidity to H1N1. To further

investigate interaction of respiratory viruses, population-based

prospective studies with longitudinal sampling would be highly

informative. Moreover the biological mechanism in viral interfer-

ence needs to be better understood.
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