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Abstract
Background—Effect of the 2009 H1N1 influenza pandemic on viral epidemiology of upper and
lower respiratory tract infections (URI and LRI) in healthy infants in the first year of life has not
been well studied.

Methods—A total of 180 healthy infants were enrolled from birth and monitored for occurrences
of URI and its LRI and acute otitis media (AOM) complications until the first AOM episode or
between 6 and 12 months of age. Nasopharyngeal specimens collected during acute respiratory
illnesses were tested for 18 viruses.

Results—Between October 2008 and April 2011, 373 URI episodes, including 20 with LRI, in
139 infants were documented. Viral studies were performed on 189 URI episodes; 87% were
positive. Throughout the 31-month period (1386 patient-months), rhinovirus was the predominant
virus causing URI (55%); RSV was the major cause of LRI (64%). While there was a significant
increase in parent-initiated visit rate during the 15-month influenza pandemic as compared with
pre- and post- pandemic periods, only 4 cases of influenza were detected (2 cases during and 2
cases pre- and post- pandemic).

Conclusion—The 2009 influenza A/H1N1 pandemic had no impact on the overall viral
epidemiology of respiratory infections in healthy infants in the first year of life but resulted in
increased parent-initiated visits due to respiratory symptoms. Maternal antibody and absence of
co-morbidity may explain the low influenza burden while parental anxiety may explain the
increased healthcare visit rate during the pandemic.
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INTRODUCTION
Early life viral respiratory infection is an important cause of morbidity and mortality.
Respiratory syncytial virus (RSV) is known to be the most common cause of severe lower
respiratory infections (LRI) in infants in the first year of life. RSV infection is more severe
than influenza infection in infants resulting in high rate of hospitalization1, 2. However, for
more common but less severe upper respiratory tract infection (URI), there has been less
information on the spectrum of causative viruses in young infants. Availability of molecular
techniques has increased the sensitivity of viral diagnostic testing and allows studying of
broad spectrum of viruses including relatively new viruses. Recent published studies on
birth cohorts followed longitudinally for acute respiratory symptoms have come from
Europe and Australia3,4,5 but not the United States. Further understanding of viral
epidemiology of respiratory infections will be the basis of development of new interventions
for treatment and prevention of infections in this vulnerable population.

In 2009, the United States experienced a pandemic caused by novel swine-origin influenza
A/H1N1 strain. Two successive waves began in April and September of 2009, respectively.
The Centers for Disease Control and Prevention declared the end of the pandemic in June of
20106. During this pandemic, there were increases in emergency department (ED) visits and
hospital admissions, significant number of deaths, and social and economic problems
globally7,8. Young infants were also infected with the pandemic virus although the incidence
of H1N1 influenza in infants younger than 12 months was lower, compared with older
children with high risk medical conditions 9, 10,11.

In our ongoing prospective study of infants in the first year of life, we observed increased
parent-initiated visits for infants due to respiratory symptoms during the pandemic. The
present report aims to define the spectrum of URI and LRI causative viruses in infants and
to test the hypothesis that the 2009 pandemic caused increase in incidence of influenza
infections in these infants, thus changing viral epidemiology of URI and LRI.

METHODS
Study design and subjects

The study was part of an ongoing, prospective study to evaluate the effect of host genetic
and environment risks on URI and acute otitis media (AOM) development. Subjects were
enrolled from near birth and followed to the first AOM episode, or between 6 and 12 months
of age. Subjects completed the study at age 6 months if AOM developed prior to 6 months
or followed up to 12 months for AOM occurrence. The study began enrolling infants in
October 2008 at University of Texas Medical Branch (UTMB), Galveston and was approved
by the Institutional Review Board. Written informed consent was obtained for all children.
Study subjects were recruited from the newborn nursery or the primary care pediatric clinics
at UTMB; they were healthy and resided in Galveston, TX. Preterm infants and those with
major medical problems or anatomic/physiologic defects of the ear or nasopharynx were
excluded. This report includes children enrolled and followed in the study from October
2008 to April 2011.

At enrollment, data were collected on family history and risk factors such as number of
siblings, daycare attendance, cigarette smoke exposure and feeding type. During the follow-
up period, parents were instructed to report to the study team as soon as the subject began to
develop cold symptoms: rhinitis, cough, and sore throat, with or without constitutional
symptoms such as fever, decreased appetite and restless sleep. The subjects were evaluated
as soon as possible after URI onset and followed for AOM complication. At the initial URI
visit, otoscopic examination and tympanometry were performed and nasopharyngeal
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specimens were collected for bacterial and viral studies; a follow-up visit was provided a
few days later. Telephone calls were made weekly for follow-up of possible AOM
symptoms within 4 weeks after URI onset. Parents were encouraged to bring the subject for
examination by the study group anytime they suspected the infant might have an ear
infection. AOM diagnosis was made based on presentations of acute symptoms (fever,
irritability, otalgia), signs of tympanic membrane inflammation (intense redness, bulging,
opaque tympanic membrane) and presence of middle ear fluid as documented by pneumatic
otoscopy and/or tympanometry.

In addition to parent's self report of URI, the study personnel called the parents twice
monthly to determine whether there were any current URI symptoms or occurrence of any
URI, AOM or LRI episodes missed since prior contact. A comprehensive chart review was
performed at the end of follow up to capture URI, AOM or LRI episodes that may have been
seen by other providers. UTMB is the only primary healthcare and emergency care provider
for infants and children on the Galveston Island and use the same electronic medical record
system across all practice sites; thus most if not all of AOM and LRI diagnosis were
captured in our medical records.

The 2009 influenza A/ H1N1 vaccine became available in our community in October 2009.
Influenza vaccine (trivalent seasonal and 2009 A/H1N1) records in infants were reviewed
from our electronic medical records. Infants who were 6 months old or younger at the time
of discharge from the study were not eligible to receive influenza vaccine. Attempt was also
made to review all available maternal influenza vaccine records during pregnancy or
immediate postpartum as the majority of the subjects were born at our institution.

Virologic studies
Nasopharyngeal secretions were collected by vacuum suction; viral detection was performed
by FilmArray® Respiratory Panel (FilmArray-RP), a multiplex PCR system (Idaho
Technology, Inc. Salt Lake City, UT), according to the manufacturer's instructions. The pre-
market version of the test was used and targeted 18 viruses: adenovirus, human bocavirus
(hBoV), coronavirus (OC43, 229E, NL63, HKU1), influenza A, Influenza A/ H1N1,
influenza A/ H1N1 2009, influenza A/ H3N2, influenza B, human metapneumovirus
(hMPV), parainfluenza 1, 2, 3, 4, respiratory syncytial virus (RSV) and human rhinovirus12.
The rhinovirus reagents may cross-react with enteroviruses and the system reported these
results either rhinovirus or rhinovirus/enterovirus. Virologic studies from cases seen by
other providers, which were documented in the medical records were also included; these
cases were based on RSV and influenza rapid antigen detection tests and/or viral culture.

RESULTS
Subject characteristics

During the 31-month study period, 180 subjects were enrolled and followed. Due to the
effect of hurricane Ike, which hit Galveston in September 2008 and caused displacement of
Galveston population, the total number of cases enrolled was low in October 2008 (n=3).
The number of active patients enrolled and followed gradually increased to 40 in the month
of October 2009, and stabilized at 52–68 (average 61) per month by March 2010 (Figure 1).
Demographic characteristics of the study subjects and duration of follow-up are shown in
Table 1. Total duration of follow-up of all subjects in the study was 1409 patient-months. A
total of 139 (77%) had at least one documented URI episode during the follow-up period (up
to age 12 months); of these, 26% completed the study at 6 months; 20% completed between
6 and before 12 months corresponding to the times of their first AOM diagnosis; 44%
completed at 12 months with no AOM diagnosis; 10% were lost to follow up and dropped
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from the study before 6 months of age. Of the 41 subjects who had no documented URI,
mean duration of follow-up in the study was 3.9 months. Overall, a total of 373 URI
episodes were documented. Viral studies of nasopharyngeal specimens were performed in
189 episodes; FilmArray-RP was performed in 175 URI episodes (in 86 subjects) seen by
the study physician. In 14 URI episodes with LRI complications, which were seen by other
healthcare providers, viral studies were performed by RSV and influenza antigen detection
and/or viral culture. The number of URI episodes seen by the study physician by month
paralleled the overall number of URI episodes documented (Figure 1).

URI frequencies in relation to pandemic and non-pandemic periods
During the influenza pandemic period (April 2009 to June 2010), there was increase in
number of documented URI episodes (Figure 1); 236 URI episodes were documented during
the 15-month pandemic period, compared with 137 episodes during 16 months of pre- and
post-pandemic periods (October 2008 to March 2009 and July 2010 to April 2011). Because
the number of subjects followed in the study was lower at the beginning of the study, we
calculated the ratio of the documented URI episodes per number of the subjects followed by
month. During the pandemic, URI episode/patient ratio by month ranged from 0.08 to 0.54
(mean=0.33, median=0.36); during pre- and post- pandemic, the ratio ranged 0.14 to 0.33
(mean=0.23, median=0.21); the difference was significant (p = 0.01 by Mann Whitney Rank
Sum test). During the pandemic, proportion of URI episodes seen by the study group and
other health care providers was 61% and 33%, respectively, compared to 42% and 55% in
the pre- and post- pandemic periods. The remaining URI episodes were documented by the
study team's interval phone calls; these cases did not receive medical attention.

Virologic data and influenza cases
Of 189 URI episodes for which virologic assays were performed, 87% were virus positive.
There were 208 viruses detected from 164 samples; 124 samples with one virus, 36 with two
viruses, and 4 with 3 viruses. Types of respiratory viruses detected are shown in Table 2;
distribution of virus types by month is shown in Figure 2. Rhinovirus accounted for 55% of
all viruses detected and 69% of specimens for which a single virus was detected. Although
there was increased URI visits documented during the pandemic, rhinovirus continued to be
the predominant virus. Table 2 also shows type of viruses detected during the pandemic and
pre- and post-pandemic periods.

Two cases of influenza were documented during the pandemic and two cases during the pre-
and post-pandemic period. In October 2009, a two-month old child presented to the ED with
fever and decreased intake, cultures of blood and urine were obtained and IM ceftriaxone
was given. URI symptoms were also noted on the following day when point-of-care rapid
antigen detection was negative for influenza A and B. Nasopharyngeal secretion was
positive for 2009 influenza A/ H1N1 by FilmArray-RP tested on the fourth day of illness by
the study team. The second case was a two-month old child who presented to the ED in
November 2009 with fever and nasal congestion. Point-of-care testing of nasal wash was
positive for influenza A by rapid antigen detection, no subtyping was performed. No specific
treatment was given.

In January 2009 prior to the pandemic, a one-month old child presented to the study
physician with URI symptoms and poor feeding. Nasopharyngeal secretion was positive for
influenza B by FilmArray-RP. A post-pandemic case was a five-week old child presented to
ED in February 2011 with fever, URI symptoms, and irritability. The infant was admitted to
the hospital for neonatal fever. Bacterial cultures were negative; nasal wash was positive for
influenza A by rapid antigen detection; no subtyping was performed.
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AOM and LRI Complications
There were 90 AOM episodes documented; all occurred with URI symptoms (median day of
diagnosis = day 3 of URI onset). A total of 20 LRI diagnoses were documented in the
medical records (bronchiolitis, 17; bronchitis, 1; and croup, 2); all began with URI
symptoms, and 14 were diagnosed during the pandemic. The median age at LRI was 5.1
months. Of these, 14 (70%) were diagnosed at the ED and 8 were hospitalized; 6 episodes
were diagnosed by the study physician and viral studies were performed by FilmArray- RP.
Of the 14 LRI cases for whom viral studies were performed, RSV was detected in 9 (64%),
rhinovirus together with parainfluenza virus in 2 (14%), metapneumovirus in 1 (7%), and 2
(14%) were virus negative; no influenza was detected among cases with LRI.

Influenza vaccine records
Of 180 infants enrolled in the study, 85 (47%) were 6 months of age or younger at the time
of discharge or dropped from the study and therefore, were not eligible to receive influenza
vaccine. Of the 95 infants eligible for influenza vaccine, 33 (35%) received 2 doses of
seasonal influenza vaccines and 23 (24%) received one dose. There was no documentation
on seasonal influenza vaccine in 39 (41%) infants.

A total of 22 infants were older than 6 months and followed in the study during the
pandemic; 7 (32%) of these received 2 doses of the vaccine and 4 (18%) received only one
dose. There were no documented vaccine records for the remaining.

For maternal immunization records, 157 (87%) mothers delivered their babies at UTMB;
maternal influenza immunization records during pregnancy and immediate postpartum were
reviewed. Of 75 mothers whose infants were not influenza vaccine-eligible; records of the
mothers receiving influenza vaccines at UTMB were documented in 19 of 75 (25%) for
seasonal and 6 of 32 (19%) for H1N1 vaccine (during the pandemic), respectively.

DISCUSSION
In this cohort of 180 healthy infants followed from birth up to 12 months of age, we found
rhinovirus to be the most common cause of URI (55%) and RSV as the most common cause
of LRI (64%). The most interesting and unexpected finding was that increase in respiratory
disease activities during the 2009 influenza pandemic, as documented by increased parent-
initiated healthcare visits, was not due to the pandemic virus. The spectrum of viruses
affecting our infants did not change throughout the 31-month pre-, during and post-
pandemic periods. To our knowledge, this is the first study on the impact of the influenza
pandemic on changes in viral epidemiology of both URI and LRI among healthy infants in
the first year of life in the United States. The data do not support our original hypothesis on
the effect of the pandemic on viral epidemiology of respiratory infections in this age group.
Increased parent-initiated visits likely reflect parental awareness and an anxiety about the
pandemic. Our data also emphasize the significance of rhinovirus infections in infants in the
first year of life.

While RSV has long been accepted as a major cause of severe respiratory disease and
hospitalization in the first year of life, recent data have shown similar rate of
hospitalization13 and severity of illness14 caused by rhinovirus. We only had 2 cases of
rhinovirus LRI in this cohort and both were co-infected with parainfluenza virus. Lack of
specific detection for rhinovirus by molecular testing in 14 of 20 LRI cases may explain this
relative low rate. However, FilmArray-RP, which included rhinovirus target was performed
in 175 of 189 (93%) of URI episodes studied for viruses. The results show high rate of
rhinovirus infection in this cohort. This observation is consistent with data from other recent
studies showing the overall burden of rhinovirus in infants in the first year of life3, 4, 15,4, 16.

Ede et al. Page 5

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



It is likely that availability of sensitive molecular methods to detect rhinovirus has helped
recent discovery of the larger role of rhinovirus in more serious respiratory diseases. Using
molecular diagnostics, however, investigators have also shown that rhinovirus nucleic acids
may persist in the respiratory tract for 4–5 weeks17; therefore, rhinovirus detection may not
always represent the cause of acute respiratory illness. The sensitive molecular diagnostic
methods, therefore, contribute to detection of multiple viruses, including the pathogen as
well as persistent viruses. Further studies on pathogenicity of rhinovirus, in relation to other
respiratory viruses are needed. To date, a few studies have already begun to use quantitative
viral diagnostics (viral load) to help indicate the cause-and-effect relationship in rhinovirus
infection14, 18.

Influenza in young infants often presents as an undifferentiated febrile illness, with or
without respiratory symptoms1, 19, 20; this often leads to work up for serious bacterial
diseases and hospitalization. All 4 of our influenza cases were younger than 3 months, 3 of 4
presented to the ED, 2 of whom were worked up for serious bacterial infections, including
one who was hospitalized. The overall number of influenza cases diagnosed in this cohort
over the span of 31 months (n=4), including 15 months of the pandemic, was much lower
than the number of cases diagnosed with RSV infection (n=19). This finding is consistent
with the reports on higher impact of RSV than influenza on young infants during the
influenza pandemic or otherwise. In a study from Austria between October 2004 and May
2009, the frequencies of hospitalization of infants younger than 12 months due to RSV were
10 times higher than from influenza2. Another study from Mexico during the pandemic21

also reported influenza to be the most common reason for hospitalization in adults, while
RSV was still the most common reason for hospitalization of young children.

The influenza pandemic caused significant increase in acute respiratory diseases, ED visits,
hospital admissions, and deaths all over the globe. Severe illnesses were associated with co-
morbidities such as asthma, diabetes, other chronic medical conditions and
immunosuppression22–25. While some studies reported increased hospitalization or mortality
rate in infants due to the pandemic virus compared to seasonal influenza22, 23, others found
equivalent or lower rate of hospitalization and death in infants < than 2 years from the
pandemic virus9, 26. The relatively low incidence of the pandemic influenza in the very
young (0–2 years) compared school age children9, 26, 27 may help explain the low overall
impact of the pandemic on young infants.

There may be several reasons to explain the low impact of the influenza pandemic on this
study. First, only healthy, term-born infants, without any co-morbidity were enrolled in the
study. Second, during the pandemic, very young infants may be protected from exposure to
symptomatic index cases. Third, the use of influenza vaccines, both pandemic and seasonal
in our population may help protect the infants although only about half of our eligible
infants were vaccinated. Lastly, maternal immunity and immunization may have also played
a role in protection of these infants. Our findings on low impact of the pandemic on our
infants are supported by results from a recent study from the United Kingdom; in a cohort of
150 prematurely born infants followed longitudinally, hospitalization rate for pandemic
influenza was low and similar to that of term-born infants in the same geographic area2.
Influenza activities in Galveston area always mirror those in Houston and the state of Texas.
Our initial peak of the influenza pandemic was in May and June and a second peak was
between September and November, 2009. Our increased research visits coincided with the
community peaks. During the 2010–2011 influenza season post pandemic, influenza A/
H1N1, A/H3N2, and B were in circulation in our community.

Our study has some limitations. Due to the study design, not all infants were followed for
the whole 12 months. Therefore, we could not accurately calculate the incidence of URI and
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LRI in the entire first year of life. Furthermore, while we relied on parent reports of the
respiratory symptoms, bi-weekly telephone interview, monthly home visits and
comprehensive chart review; milder cold symptoms may have been missed. This may
explain why during the pandemic, with more awareness and concern of parents, there was a
surge in parent-initiated visits due to respiratory symptoms, even if mild. Another limitation
was that only about half of documented URI episodes, with or without LRI were studied for
viruses. We have shown, however, that the URI episodes with study samples paralleled in
time with the episodes without study samples. This is unlikely to have caused bias in our
result; missing influenza cases should have occurred more during the pre- and post-
pandemic periods than during the pandemic.

In summary, in our cohort of healthy infants in the first year of life, rhinovirus was the most
frequent cause of URI, while RSV was the most frequent cause of LRI. The H1N1 influenza
pandemic did not change viral epidemiology of URI and LRI in this population.
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Figure 1. Documented URI episodes and episodes seen by the study group
The arrows represent the beginning (April 2009) and the end (June 2010) of the influenza A/
H1N1 pandemic.

Ede et al. Page 9

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Distribution of respiratory viruses detected between October 2008 and April 2011
The arrows represent the beginning (April 2009) and the end (June 2010) of influenza A/
H1N1 pandemic.
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