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Abstract

Retrospective data evaluated increases in advanced medical support for children with medic-
ally attended acute respiratory illness (MAARI) during influenza outbreak periods (IOP).
Advanced support included hospitalisation, intensive care unit admission, or mechanical ven-
tilation, for children aged 0–17 years hospitalised in Maryland’s 50 acute-care hospitals over
12 influenza seasons. Weekly numbers of positive influenza tests in the Maryland area defined
IOP for each season as the fewest consecutive weeks, including the peak week containing at
least 85% of positive tests with a 2-week buffer on either side of the IOP. Peak IOP (PIOP)
was defined as four consecutive weeks containing the peak week with the most number of
positive influenza tests. Off-PIOP was defined as the ‘shoulder’ weeks during each IOP.
Non-influenza season (NIS) was the remaining weeks of that study season. Rate ratios of
mean daily MAARI-related admissions resulting in advanced medical support outcomes dur-
ing PIOP or Off-PIOP were compared with the NIS and were significantly elevated for all 12
study seasons combined. The results suggest that influenza outbreaks are associated with
increased advanced medical support utilisation by children with MAARI. We feel that this
data may help preparedness for severe influenza epidemics or pandemic.

Introduction

In the USA, influenza is a major cause of medically attended acute respiratory illness
(MAARI)-related pediatric hospitalisations [1]. From 1993 to 2008, the estimated rate of
influenza-associated hospitalisations was 91.5 per 100 000 for children less than 1 year of
age and 21.9 per 100 000 for children ages 1–4 years [2]. Information about pediatric admis-
sions to intensive care units (ICUs) and mechanical ventilator use during seasonal influenza
outbreaks is scarce, particularly for children of all ages.

The primary objective of this study was to examine whether surges in pediatric
MAARI-related hospitalisation, ICU admission, or mechanical ventilation, were associated
with influenza outbreaks. We examined this association in all 50 State of Maryland’s acute
care hospitals for 12 consecutive seasons.

Materials and methods

Periods of interest for each study season

We used MMWR weeks defined by US Morbidity and Mortality Weekly Report (MMWR) to
delineate each of 12 consecutive study seasons from 2001 to 2013 [3]. A study season was
defined as the beginning of US Center for Disease Control and Prevention (CDC) week 27
(late June or early July) of 1 year to the end of week 26 (late June or early July) of the subse-
quent year so as to include all influenza outbreaks for each study season. An aberration of note
was study season 2008–2009, which ended on 4 July 2009 (the end of week 26). This study
season contained an influenza outbreak starting in January of 2009 and ending in April of
2009 and also captured the first wave of the 2009 A/H1N1 pandemic virus outbreak, which
began in April 2009 and ‘ended’ in early in July of 2009.

The study season 2009–2010 started on 5 July 2009 (the beginning of week 27), and ended
on 4 July 2010 (the end of week 26) and included the second wave of the A/H1N1 pandemic
virus in the fall of 2009.

The influenza outbreak period (IOP) for each of the 12 study seasons was defined using a
pool of anonymous weekly positive influenza test results obtained from an interactive CDC
website [4] collected for US Department of Health and Human Services (HHS) Region 3,
which contains Maryland, Pennsylvania, Delaware, Virginia, West Virginia and the District
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of Columbia. These test results were used to define discrete peri-
ods for analysis of each study season as visually depicted in
Figure 1. Each study season’s IOP was defined as the fewest con-
secutive MMWR weeks containing at least 85% of the positive
influenza tests for HHS Region 3, with an added 2-week buffer
on either ‘side’ of this interval to ensure we captured most of
the influenza activity for that individual season. The peak IOP
(PIOP) consisted of the four consecutive MMWR weeks with
the highest aggregate number of positive influenza tests, including
the peak week. The off-peak influenza period (Off-PIOP)
included the IOP minus the 4 weeks of the PIOP. Finally, the non-
influenza season (NIS) for each season consisted of the remaining
weeks outside the IOP for each study season.

Study population and medical outcome data

The study population included all children ages 0–17 years admit-
ted to any of Maryland’s state-regulated acute-care hospitals
between 1 July 2001 and 29 June 2013. Importantly, these hospi-
tals represented a broad spectrum of community, teaching and
public acute-care medical centres. In 2014, of the 50 Maryland
acute care hospitals 37 reported having 1–140 pediatric beds
[5]. Data from newborns admitted to the newborn nursery or
neonatal ICU were not included because their illness was not
likely to be directly related to influenza. The Health Services
Cost Review Commission (HSCRC) of the State of Maryland
Department of Health and Mental Hygiene provided all hospital-
isation data for children for the 12 consecutive study seasons.

De-identified data extracted from the HSCRC database
included each child’s admission date, but not discharge date or
hospital of admission, age in months for infants or years for
older children, gender and race. Additionally, the HSCRC data-
base allowed us to identify three key indicators of medical
resource utilisation, namely, hospitalisation (excluding the full-
term nursery), admission to a pediatric or medical ICU (exclud-
ing a neonatal ICU) and mechanical ventilator use during the
hospital stay. Mechanical ventilation use was determined from
the HSCRC database using Current Procedural Terminology
(CPT) codes for continuous ventilation (96.70, 96.71 and

96.72). Also, MAARI-related deaths during the hospitalisation
were identified.

To identify pediatric patients who required advanced medical
resources for the management of acute respiratory illness, diag-
nostic International Classification of Diseases version 9 (ICD-9)
codes for MAARI were used in a manner previously described
[6–9]. MAARI-related diagnoses included one or more primary
or subsequent ICD-9 discharge codes for upper, middle and
lower respiratory illnesses as well as specific codes for fever,
respiratory viral illness and influenza.

Statistical analysis

The key analyses examined whether surges for each of the three
medical support utilisation indicators for children with
MAARI-related diagnoses occurred during the PIOP or
Off-PIOP compared with the NIS. This was accomplished using
mean daily rates for each of the three medical resource outcome
indicators during the PIOP and Off-PIOP and comparing them
with mean daily rates of these outcomes during the NIS. A
Poisson regression model, allowing for over-dispersion, was
used to estimate the rate ratio (RR) and associated 95% confi-
dence interval for all 12 study seasons combined. In addition,
the model included a factor for each study season to adjust for
seasonal variability likely caused by a variety of factors such as
other respiratory pathogens as well as seasonal or environmental
issues that could have influenced the utilisation outcomes of inter-
est. The RRs were considered a quantitative indicator of a surge in
use of the three advanced medical supports as well as hospital
deaths during the PIOP or Off-PIOP compared with the NIS.
These RRs were estimated for children of all ages (0–17 years)
and for four age-based subgroups: 0 to <5 years, 0 to <2 years,
2 to <5 years and 5 to <18 years.

All data analyses were performed using SAS software (version
9.3, SAS Institute).

Human subject protection

All data regarding influenza surveillance and hospitalisations were
examined and analysed without personal identifiers. This study

Fig. 1. Example of time periods used in the analysis for study seasons. PIOP, (peak influenza outbreak period) defined as four consecutive weeks with the highest
number of positive influenza tests; Off-PIOP, (off-peak influenza outbreak period) defined as IOP minus the central PIOP; NIS, (non-influenza season) represents the
weeks in the study year not including IOP.

Epidemiology and Infection 1367

https://doi.org/10.1017/S0950268818001383 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268818001383


was reviewed and approved by the Institutional Review Board at
the University of Maryland, Baltimore, USA.

Results

Demographic information for the study group is presented in
Table 1. Approximately 1.36 million children live in the State of
Maryland [10]. During the 12 study seasons, there were 388 761
pediatric admissions to any of the state’s 50 acute-care hospitals

regardless of diagnoses. For all 12 study seasons combined,
MAARI-related advanced medical supports were recorded including
100 740 hospitalisations, 12 582 ICU admissions and 3821 mechan-
ical ventilation use. There were relatively few deaths (n = 300)
recorded for children hospitalised with MAARI-related illnesses.

Measures of the three medical support utilisation indicators
and death for children hospitalised with MAARI-related ICD-9
codes are presented in Table 2. This table shows that for the
entire pediatric cohort group as well as the four age subgroups,

Table 1. Demographics of children hospitalised in HHS Region 3 between 1 July 2001 and 29 June 2013

Age group in years <18 <5 <2 2 to <5 5 to <18

Total hospitalisationsa 388 761 173 259 117 810 55 449 215 502

Gender, n (%)

Male 199 378 (51.3) 97 679 (56.4) 66 682 (56.6) 30 997 (55.9) 101 699 (47.2)

Female 189 357 (48.7) 75 569 (43.6) 51 118 (43.4) 24 451 (44.1) 113 788 (52.8)

Unknown 26 (0.0) 11 (0.0) 10 (0.0) 1 (0.0) 15 (0.0)

Race, n (%)

White 203 140 (52.3) 88 997 (51.4) 60 624 (51.5) 28 373 (51.2) 114 143 (53.0)

African American 139 452 (35.9) 58 012 (33.5) 38 169 (32.4) 19 843 (35.8) 81 440 (37.8)

Asian or Pacific Islander 8914 (2.3) 5491 (3.2) 3976 (3.4) 1515 (2.7) 3423 (1.6)

American Indian 1365 (0.4) 800 (0.5) 581 (0.5) 219 (0.4) 565 (0.3)

Other 35 890 (9.2) 19 959 (11.5) 14 460 (12.3) 5499 (9.9) 15 931 (7.4)

aAll-cause hospitalisation for any diagnosis. This designation does not include neonates in the full-term nursery or neonatal intensive care unit.

Table 2. Rate ratios (RR) for MAARI-related medical outcomes in hospitalised children for all 12 study years

<18 years
(N = 388 761)a

<5 years
(N = 173 259)a

<2 years
(N = 117 810)a

2 to <5 years
(N = 55 449)a

5–<18 years
(N = 215 502)a

MAARI-related hospitalisations

Number (%b) 100 740 (25.9) 70 054 (40.4) 49 462 (42.0) 20 592 (37.1) 30 686 (14.2)

RR (95% CI)c 1.602 (1.540–1.667) 1.689 (1.609–1.774) 1.754 (1.658–1.855) 1.544 (1.461–1.632) 1.419 (1.354–1.487)

RR (95% CI)d 1.376 (1.337–1.416) 1.478 (1.426–1.532) 1.561 (1.498–1.626) 1.293 (1.241–1.347) 1.162 (1.123–1.203)

MAARI-related ICU admission

Number (%b) 12 582 (3.2) 7451 (4.3) 5200(4.4) 2251 (4.1) 5131 (2.4)

RR (95% CI)c 1.366 (1.282–1.456) 1.438 (1.325–1.562) 1.430 (1.292–1.581) 1.456 (1.271–1.667) 1.268 (1.152–1.396)

RR (95% CI)d 1.201 (1.148–1.257) 1.290 (1.217–1.368) 1.360 (1.267–1.459) 1.136 (1.027–1.257) 1.080 (1.008–1.157)

MAARI-related mechanical ventilation

Number (%b) 3821 (1.0) 2282 (1.3) 1734 (1.5) 548 (1.0) 1539 (0.7)

RR (95% CI)c 1.425 (1.278–1.588) 1.511 (1.316–1.735) 1.459 (1.241–1.716) 1.681 (1.287–2.196) 1.302 (1.097–1.545)

RR (95% CI)d 1.320 (1.223–1.424) 1.373 (1.244–1.515) 1.341 (1.195–1.503) 1.479 (1.219–1.795) 1.243 (1.104–1.400)

MAARI-related death

Number (%b) 300 (0.1) 130 (0.1) 97 (0.1) 33 (0.1) 170 (0.1)

RR (95% CI)c 1.032 (0.674–1.579) 1.001 (0.520–1.928) 0.900 (0.412–1.967) 1.357 (0.421–4.379) 1.055 (0.602–1.846)

RR (95% CI)d 1.218 (0.932–1.592) 1.223 (0.813–1.839) 1.059 (0.648–1.729) 1.786 (0.862–3.699) 1.215 (0.852–1.731)

MAARI, medically attended acute respiratory illness.
aAll hospitalisations for any diagnoses, This designation does not include infants in the full term nursery or neonatal intensive care units.
b% is calculated by number of medical outcomes divided by N (total number of hospitalisations in that age group with any diagnoses).
cComparing PIOP vs. NIS based on the Poisson regression model including all 12 study years.
dComparing Off-PIOP vs. NIS based on the Poisson regression model including all 12 study years.
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there were significantly greater event rates (rate ratios) of
advanced medical support during the PIOP or Off-PIOP com-
pared with NIS for the 12 study seasons combined. However,
Table 2 shows there were not significant surges in death for
all 12 seasons combined and certainly not for individual

study seasons due to the small number of MAARI-related
deaths.

Figure 2 visually demonstrates the close association of peaks of
weekly numbers of the three MAARI-related pediatric medical
support items in Maryland acute-care hospitals compared with

Fig. 2. Plots of weekly numbers of MAARI-related medical outcomes (black line) and counts of positive influenza tests (gray bars). MAARI, medically attended acute
respiratory illness; Flu Count,weekly numbers of positive influenza tests for HHS Region 3 which includes Maryland.
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weekly numbers of positive influenza tests for HHS Region 3,
which includes Maryland. These peaks varied from November
to March, which further suggests an association of surges of
advanced medical support with influenza outbreaks.

Discussion

This study clearly demonstrated significant increases in the use of
advanced medical support resources, specifically hospitalisation,
ICU admission, or mechanical ventilation, for Maryland children
with acute respiratory illness during influenza outbreaks. Although
we could not confirm whether these children had documented
influenza illness from information available in the HSCRC data-
base, the visual temporal association seen in Figure 2 between
positive influenza tests and surges in MAARI-related hospitalisa-
tion supports the assumption that influenza illnesses were a key
factor. Our assumption is further statistically supported by the
association of elevated RRs of MAARI-related medical support
resources including hospitaliation, ICU admissions and mechan-
ical ventilation use during the PIOPs and Off-PIOPs compared
with the NIS. The one exception was the first wave of the pan-
demic influenza A/H1N1 outbreak that occurred during April to
early June 2009. Figure 2 did not show a major surge in medical
support for this H1N1 first wave. However, the nadir during the
first wave was the lowest during April to June for all the 12
other study seasons. April to June are usually the nadir for more
severe viral respiratory illnesses in the USA [11, 12].

Concerns have been raised regarding the need to increase acces-
sibility to advanced medical care and resources including hospital-
isation, pediatric critical care and critical care equipment, during
severe influenza outbreaks [13, 14]. On 28 April 2015, the US
National Advisory Committee on Children and Disasters
(NACCD), at the request of the US HHS, published an assessment
of the country’s state of readiness for a surge of pediatric patients
presenting to medical facilities during large-scale influenza infec-
tions or other emerging infectious diseases [15]. The NACCD iden-
tified potential gaps in four key areas: (a) adequate staffing by
medical personnel, (b) space to accommodate the influx of children,
(c) a structured and clearly defined system through which institutions
can coordinate successful surge management and (d) availability of
age- and size-appropriate medical equipment supplies.

Influenza seasonal outbreaks, as well as pandemics, vary in
intensity from season to season [16]. If access to critical care
units and equipment is already limited, then even greater shortages
of these resources are likely to occur during severe influenza out-
breaks. A scarcity of ventilators and associated equipment such as
pediatric ventilator circuits, suction catheters and oxygen and
carbon dioxide monitors might develop during a severe influenza
epidemic or pandemic. Many hospitals have minimal reserves of
medical equipment such as mechanical ventilators on site.
Therefore, additional units and supplies are often rented from med-
ical supply companies during the course of each season [13, 14].
Federal and state stockpiles of ventilators can be tapped, but these
machines might not have the alarm settings or tidal volumes appro-
priate for pediatric patients [17]. Our study revealed that during
influenza outbreaks, a substantial increase in the number of children
younger than 2 years of age required ICU admission and mechan-
ical ventilation during MAARI-related hospitalisations.

This study has several limitations. First, infectious outbreaks
can be caused by respiratory viral pathogens other than influenza
virus such as a respiratory syncytial virus, parainfluenza viruses,
adenoviruses, or corona viruses at various times and intensities.

Increased use of sensitive respiratory diagnostics may be helpful
to examine the impact of concomitant respiratory viral outbreaks,
especially respiratory syncytial virus, on advanced medical
resource utilisation [18]. Also, HHS Region 3 influenza virus sur-
veillance data from nearby states and the District of Columbia were
used to define the IOPs and might not represent the situation spe-
cifically in Maryland. Finally, we need to mention that this work is
based on observational study data, therefore bias is difficult to
avoid and thus possible confounding factors are hard to assess.
Despite these limitations, data from this study clearly support
the concept that influenza outbreaks are associated with advanced
medical support for children with respiratory illnesses.

Conclusion

Our study demonstrated increases in hospitalisations, ICU admis-
sions and mechanical ventilation use temporally related to
regional influenza activity over a 12-season period in Maryland.
This data reinforces the need for annual vaccination of children
of all ages as well as the development of improved influenza vac-
cines. Our results could also be useful in the development of mod-
els to assist in planning for federal, state and local responses to
future severe influenza virus outbreaks, including pandemics.
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