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Abstract

Objective: Many studies have described nosocomial outbreaks of influenza in specialized wards. We evaluated nosocomial transmission of
influenza in a pediatric general ward.

Design: Retrospective observational study.

Setting: Single secondary hospital.

Patients: The study included 814 hospitalized children with influenza between September 2015 and August 2020.

Methods: Themedical records of the included children were retrospectively reviewed, and clinical characteristics of children with community-
acquired (CA) influenza and hospital-acquired (HA) influenza were determined. The room of each included child during hospitalization was
traced to identify the children exposed to them.

Results: CA influenza and HA influenza were diagnosed in 789 (96.9%) and 25 (3.1%) children, respectively. Among children with CA influ-
enza, 691 (87.6%) were isolated or place in a cohort on admission. In total, 98 children (12.4%) admitted to multibed rooms exposed 307
children with noninfluenza diseases to influenza during 772 patient days; 3 exposed children (1.0%) were diagnosed with HA influenza.
Including these 3 children, 25 children (19 without definite in-hospital exposure to influenza and 3 exposed to other children with HA influ-
enza) were diagnosed withHA influenza, and 11 (44.0%) exposed 31 children with noninfluenza diseases to influenza for 85 patient days. Also,
3 exposed children (9.7%) were diagnosed with HA influenza, a significantly higher rate than that for CA influenza (P = .005). The clinical
characteristics were comparable between children with HA influenza and those with CA influenza.

Conclusions: Cohort placement of children with influenza in a pediatric general ward can be effective in controlling nosocomial transmission
of influenza. However, control measures for children with HA influenza should be emphasized.

(Received 12 October 2022; accepted 3 January 2023; electronically published 16 March 2023)

Influenza is a highly contagious infection, and seasonal influenza
viruses have a reproduction number of 1–2,1 indicating that the
infection can persist in a population in the absence of appropriate
control measures. In addition, the crowding of patients with influ-
enza in hospitals, the transmissibility of the influenza virus before
symptom onset and maximal viral shedding within 2 days after
symptom onset promote nosocomial transmission of influenza.2

Nosocomial outbreaks of influenza occur concurrently with
community epidemics of influenza, and hospital-acquired (HA)
influenza leads to increased morbidity and mortality among hos-
pitalized patients.3 Therefore, droplet precautions, including isola-
tion and cohort placement of patients with influenza as well as
standard precautions, should be adopted for hospitalized patients
with influenza. Environmental infection prevention and control
(IPC) measures are also needed to control nosocomial transmission

of influenza.4,5 However, most previous reports have described
nosocomial outbreaks in specialized wards for neonates, critically
ill patients, immunocompromised patients, and the elderly.3,6 A
few studies have focused on nosocomial transmission of influenza
and the impact of IPC measures in general wards for patients with
acute illnesses.7–10 Fewer children than adults have chronic under-
lying conditions at increased risk of severe influenza (eg, cardiopul-
monary, renal, and hepatic diseases as well as immunosuppression,
extreme obesity, and residence in long-term care facilities4,5). Thus,
the transmission dynamics of HA influenza and its clinical impact in
pediatric general wards need to be assessed independently of adult
wards. Secondary hospitals, where a few children with underlying
diseases are hospitalized, may exhibit different circumstances from
tertiary hospitals, where more children with underlying diseases are
hospitalized. As different strains of influenza virus circulate every
year, studies of influenza should be performed over several consecu-
tive years rather than 1 or 2 years.

In this study, we evaluated the transmission dynamics of influ-
enza in a pediatric general ward of a secondary hospital where sev-
eral IPC measures, including isolation and cohort placement of
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children with influenza, were applied. In addition, the clinical
characteristics of children with community-acquired (CA)
influenza or HA influenza during 5 consecutive influenza sea-
sons were evaluated.

Methods

Patients and study design

Children aged <15 years who were admitted to the Department of
Pediatrics of Daejeon St. Mary’s Hospital (Daejeon, Republic of
Korea) between September 2015 and August 2020 with a diag-
nosis of influenza were included in this study. Our hospital is a
660-bed, university-affiliated, secondary hospital. The pediatric
general ward occupies half of the seventh floor in 1 of the 2 hos-
pital buildings and is spatially separated from the orthopedic
ward on the same floor. Each ward has a separate entrance,
and patient movement between the wards is rare. The pediatric
ward includes 4 single-bed rooms, 2 two-bed rooms, 3 three-bed
rooms, 1 four-bed room, and 3 six-bed rooms. Nasopharyngeal
swab samples were subjected to a rapid influenza detection test
(RIDT, Alere BinaxNOW Influenza A & B Cards, Abbott, IL,
USA) or multiplex polymerase chain reaction (mPCR) test
(Allplex Respiratory Panels 1, 2, and 3, Seegene, Seoul, Republic
of Korea) according to the treating physician’s preference.
Influenza was diagnosed when either test yielded positive results
for the influenza virus. During the study period, children diag-
nosed with influenza were admitted to either a single-bed room
(isolation) or a multibed room designated for children with influ-
enza (cohort placement). For children diagnosed with influenza
after admission, isolation or cohort placement was recommended
as soon as possible after the diagnosis was confirmed. Cohort
rooms were operated flexibly depending on the number of hospi-
talized children with influenza among multibed rooms in the pedi-
atric general ward during community epidemics of influenza
(usually between December and April). During the study period,
the following IPCmeasures were adopted in our hospital: (1) influ-
enza vaccination for healthcare workers (HCWs); (2) influenza
surveillance for inpatients; (3) environmental IPC measures; (4)
standard precautions, including hand hygiene and regular moni-
toring for adherence to hand hygiene; and (5) droplet precautions,
including isolation and/or cohort placement of patients with
influenza and mask use when entering patient rooms. The medi-
cal records of the included children were retrospectively
reviewed to collect demographic data, including sex and age
and clinical data as well as the type of identified influenza virus,
presenting symptoms, clinical diagnosis, underlying disease,
outcomes (oxygen therapy, admission to the intensive care
unit), and antiviral treatment. The room number for each
included child was traced during hospitalization, and the num-
ber of children with noninfluenza diseases exposed to children
with influenza in the same room and the duration of exposure
were determined. Clinical changes and laboratory test results for
influenza in exposed children were reviewed. The proportion of
HA influenza cases was calculated, and demographic and clini-
cal factors were compared between children with CA influenza
and those with HA influenza. Secondary attack rates for exposed
children were calculated and compared between children
exposed to CA influenza and those exposed to HA influenza.
This study was approved by the Institutional Review Board of
Daejeon St. Mary’s Hospital, which waived the requirement
for informed consent (approval no. DC22RISI0037).

Definitions

HA influenza was diagnosed when symptoms of influenza (eg,
fever, malaise, headache, myalgia, cough, sore throat, and rhinor-
rhea) developed≥3 days after admission or<3 days after discharge
from previous hospitalization. CA influenza was diagnosed when
symptoms developed before or <3 days after admission. Exposed
children were defined as hospitalized children with noninfluenza
diseases who stayed with children with influenza during their con-
tagious period (up to 7 days after symptom onset) in the samemul-
tibed room for >1 day. Transmission of the virus from an index
patient to an exposed patient was confirmed when HA influenza
was diagnosed in an exposed child <3 days after the last exposure
to the index patient and the same type of influenza virus was iden-
tified in both patients. A nosocomial outbreak was declared when 2
or more children were diagnosed with HA influenza within 3 days.
The number of patients diagnosed with HA influenza among the
exposed children was divided by 100 patient days for all exposed
children to determine the secondary attack rate. For children who
were discharged within 3 days of their last exposure to influenza
and did not undergo outpatient follow-up, the occurrence of
HA influenza was evaluated based on the day of discharge.
Excluding these children, the occurrence rate of HA influenza
and secondary attack rates were also calculated for the subgroup
analysis. Each influenza season was set from September to
August, and this study included the following 5 influenza seasons:
2015–2016, 2016–2017, 2017–2018, 2018–2019, and 2019–2020.

Statistical analysis

For the comparison between children with CA influenza and those
with HA influenza, categorical and continuous data were com-
pared using the χ2 test and Mann-Whitney test, respectively. We
used SPSS version 21 software (IBM, Armonk, NY) to perform
all statistical analyses. The threshold of statistical significance
was set at P < .05.

Results

Clinical characteristics of children with CA influenza and HA
influenza

During the study period, influenza was diagnosed in 814 children,
with CA influenza in 789 (96.9%) and HA influenza in 25 (3.1%).
Of the 25 children with HA influenza, symptoms developed at a
median of 5 days (range, 3–19) after admission in 19 children
(76.0%) and at amedian of 2 days (range, 1–2) after discharge from
previous hospitalization in 6 children (24.0%). The monthly distri-
butions of CA influenza and HA influenza cases were similar
(Fig. 1), and the proportions of HA influenza in each influenza sea-
son were comparable (Table 1). Nosocomial outbreaks occurred
over 3 days in February 2016 (n= 3 children) and over 7 days
in April 2019 (n= 5 children).

Children with HA influenza were significantly younger than
those with CA influenza (P = .032) (Table 1). The positivity rates
of the mPCR test were comparable between the 2 patient groups,
whereas the positivity rates of the RIDT were significantly lower in
the children with HA influenza than in those with CA influenza (P
= .005) (Table 1). The presenting symptoms and clinical diagnoses
were comparable between the 2 patient groups (Table 2).
Significantly fewer children with HA influenza received antiviral
therapy than those with CA influenza (P= .001) (Table 3), whereas
fever duration was shorter in the former group (P= .004) (Table 2)
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and clinical outcomes were comparable between the 2 patient
groups (Table 3).

Transmission dynamics of influenza in the pediatric general
ward

The tracing records of room numbers and exposed children for the
included children were analyzed to determine the transmission
dynamics of influenza in the ward and to define index cases of chil-
dren diagnosed with HA influenza. Of the 789 children with CA
influenza, 31 (3.9%) were isolated and 660 (83.7%) were placed
in a cohort on the day of admission (Fig. 2). The remaining 98
(12.4%) children were admitted to multibed rooms occupied by
children with noninfluenza diseases, and each one exposed 1–13
children with noninfluenza diseases to influenza; 307 children with
noninfluenza diseases were exposed to 98 children with influenza
during 772 patient days (Fig. 2). Of the 307 exposed children, 3
(1.0%) were diagnosed with HA influenza, with a secondary attack
rate of 0.4 per 100 patient days. Excluding 28 children without out-
patient follow-up after discharge within 3 days of their last in-hos-
pital exposure to influenza, 279 children were exposed to influenza
during 683 patient days. Moreover, 3 patients (1.1%) were diag-
nosed with HA influenza (secondary attack rate, 0.4 per 100 patient
days). Some children with noninfluenza diseases were admitted to
the cohort rooms. Each of 4 children with influenza who had been
placed in a cohorts exposed 1 child with noninfluenza disease to
influenza, resulting in 4 children being exposed to influenza during
8 patient days. None of the exposed children was diagnosed with
HA influenza (Fig. 2).

Among the 25 children with HA influenza, 3 (12.0%) were diag-
nosed with HA influenza after in-hospital exposure to children
with CA influenza, as described above. Each of them exposed 1–
6 children with noninfluenza diseases to influenza due to delayed
diagnosis of HA influenza, and 8 children with noninfluenza dis-
eases were exposed during 18 patient days (Fig. 2). None of the
exposed children were diagnosed with HA influenza. Also, 19 chil-
dren (76.0%) were diagnosed with HA influenza without definite

in-hospital exposure to influenza (Fig. 2): 3 children (15.8%) were
admitted <3 days after discharge from other hospitals, 7 children
(36.8%) were diagnosed with HA influenza during their stay in
isolation rooms, and 9 children (47.4%) were diagnosed with HA
influenza during their stay in multibed rooms without patients with
influenza. Furthermore, 6 (31.6%) of them had stayed for >1 day
after symptom onset with children with noninfluenza diseases in
the same rooms owing to delayed diagnosis of influenza or delayed
isolation or cohort placement after the diagnosis of influenza. Each
of them exposed 1–9 children with noninfluenza diseases to influ-
enza, and consequently, 17 childrenwith noninfluenza diseases were
exposed during 58 patient days (Fig. 2). Of the 17 exposed children, 3
(17.6%) were additionally diagnosed with HA influenza; 2 of them
further exposed 2 children with noninfluenza diseases for 4 patient
days and 2 children with noninfluenza diseases for 5 days, respec-
tively. None of the 4 exposed children were diagnosed with HA
influenza (Fig. 2). In total, 25 children with HA influenza exposed
31 children with noninfluenza diseases to influenza during 85
patient days, and 3 (9.7%) of them were diagnosed with HA influ-
enza, with a secondary attack rate of 3.5 per 100 patient days. HA
influenza occurredmore frequently in children exposed toHA influ-
enza than in those exposed to CA influenza (odds ratio, 10.86; 95%
confidence interval, 2.09–56.33; P = .005). The index patients could
be defined for 6 (27.3%) of 22 childrenwithHA influenza, excluding
3 children admitted <3 days after discharge from other hospitals.
Excluding 1 child without outpatient follow-up after discharge
within 3 days of the last in-hospital exposure to influenza, 30 chil-
dren were exposed to influenza during 83 patient days. Also, 3
(10.0%) were diagnosed with HA influenza, with a significantly
higher secondary attack rate than that in children exposed to CA
influenza (3.6 per 100 patient days; odds ratio, 10.22; 95% confi-
dence interval, 1.97–53.14; P = .006).

Among all the study participants, 342 children with nonin-
fluenza diseases were exposed to 113 children with influenza dur-
ing 865 patient days in the same room, and 6 (1.8%) of them were
diagnosed with HA influenza, with a secondary attack rate of 0.7
per 100 patient days (Fig. 2).

Fig. 1. Monthly distributions of community-acquired and hospital-acquired influenza cases.

Infection Control & Hospital Epidemiology 1639

https://doi.org/10.1017/ice.2023.14 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2023.14


Discussion

In this study, 3.1% of children hospitalized with influenza were
identified as having HA influenza in a secondary hospital. With
the adoption of IPC measures, including isolation and cohort
placement of children with influenza, the proportion of HA influ-
enza and secondary attack rates in our pediatric general ward were
low. However, nosocomial transmission occurred more frequently
in children with HA influenza than in those with CA influenza.

Previous studies have reported that HA influenza was identified
in 4%–35% of hospitalized patients with influenza.7–18 The propor-
tion of HA influenza in this study was lower than that reported in a

Table 1. Comparison of Demographic and Epidemiologic Characteristics
Between Children With Community-Acquired Influenza and Those With
Hospital-Acquired Influenza

Factor

Community-
Acquired
Influenza
(n = 789),
No. (%)a

Hospital-
Acquired
Influenza
(n = 25),
No. (%)a P Value

Sex, male 442 (56.0) 13 (52.0) .690

Age, median y (IQR) 4 (2–7) 2 (1–4) .032

Virus subtype .374

Influenza A 475 (60.2) 12 (48.0)

Influenza B 282 (35.7) 11 (44.0)

Both 32 (4.1) 2 (8.2)

Diagnostic test method

Positive RIDT 668/754 (88.6) 16/24 (66.7) .005

Positive mPCR 168/199 (84.4) 11/12 (91.7) .698

Influenza season .129

2015–2016 231 (29.3) 12 (48.0)

2016–2017 112 (14.2) 1 (4.0)

2017–2018 191 (24.2) 3 (12.0)

2018–2019 162 (20.5) 7 (28.0)

2019–2020 93 (11.8) 2 (8.0)

Underlying disease .170

None 754 (95.6) 22 (88.0)

Neuromuscular
disease

16 (2.0) 2 (8.0)

Cardiopulmonary
disease

13 (1.6) 1 (4.0)

Chromosomal
anomaly

6 (0.8) 0 (0.0)

Room typeb <.001

Isolation room 31 (3.9) 7 (28.0)

Cohort room 660 (83.7) 3 (12.0)

Multibed room 98 (12.4) 15 (60.0)

Note. IQR, interquartile range; mPCR, multiplex polymerase chain reaction; RIDT, rapid
influenza detection test.
aData are no. (%), unless otherwise indicated.
bPatient rooms on admission for the community-acquired influenza group and those on the
diagnosis of influenza for the hospital-acquired influenza group.

Table 2. Comparison of Clinical Manifestations Between Children With
Community-Acquired Influenza and Those With Hospital-Acquired Influenza

Factor

Community-
Acquired
Influenza
(n = 789),
No. (%)a

Hospital-
Acquired
Influenza
(n = 25),
No. (%)a P Value

Clinical symptoms

Fever 775 (98.2) 25 (100.0) >.99

Cough 716 (90.7) 23 (92.0) >.99

Rhinorrhea 640 (81.1) 19 (76.0) .603

Sputum 548 (69.5) 18 (72.0) .785

Sore throat 88 (11.2) 2 (8.0) >.99

Dyspnea 17 (2.2) 0 (0.0) >.99

Vomiting 161 (20.4) 1 (4.0) .042

Abdominal pain 90 (11.4) 0 (0.0) .099

Diarrhea 84 (10.6) 3 (12.0) .743

Headache 76 (9.6) 0 (0.0) .158

Seizure 50 (6.3) 0 (0.0) .394

Myalgia 36 (4.6) 0 (0.0) .621

Skin rash 21 (2.7) 0 (0.0) >.99

Fever duration, median
d (IQR)

3 (2–4) 2 (1–3) .004

Clinical diagnosis .547

Upper respiratory tract
infection

479 (60.7) 16 (64.0)

Bronchitis/bronchiolitis 155 (19.6) 3 (12.0)

Pneumonia 86 (10.9) 5 (20.0)

Croup 25 (3.2) 1 (4.0)

Acute gastroenteritis 24 (3.0) 0 (0.0)

Fever without localizing
signs

20 (2.5) 0 (0.0)

Note. IQR, interquartile range.
aData are no. (%), unless otherwise indicated.

Table 3. Comparison of Treatment and Outcomes Between Children With
Community-Acquired Influenza and Those With Hospital-Acquired Influenza

Factor

Community-
Acquired
Influenza
(n= 789),
No. (%)

Hospital-
Acquired
Influenza
(n= 25),
No. (%) P Value

Antiviral therapy .001

None 125 (15.9) 12 (42.9)

Oral oseltamivir 546 (69.5) 13 (46.4)

Parenteral peramivir 115 (14.6) 3 (10.7)

Clinical outcomes

Oxygen therapy 8 (1.0) 1 (3.6) .271

Intensive care unit
admission

1 (0.1) 1 (3.6) .068
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ward consisting of only single-bed rooms and adopting several IPC
measures (9.7%).19 Considering that most children were placed in
cohorts rather than isolated on admission in this study, cohort
placement seems to be sufficient for reducing nosocomial trans-
mission of influenza when there is a lack of single-bed rooms if
other IPC measures are concurrently applied. The operation of a
designated ward for adult patients with influenza led to a decrease
in the HA influenza rate.10 For children in this study, the operation
of cohort rooms in a general ward also reduced the HA influenza
rate. In addition to the IPCmeasures, a relatively high rate of influ-
enza vaccination in Korean children (>50%) might decrease HA
influenza at our hospital because previous influenza vaccination
was associated with a short duration of viral shedding in children
with influenza.20,21 Meanwhile, index patients were identified in
only 27.3% of our children withHA influenza, and a previous study
with a low HA influenza rate (6.6%) identified index patients in
24.6% of the patients with HA influenza.12 Therefore, IPC mea-
sures for HCWs or visitors, potential sources of nosocomial trans-
mission of influenza, should be emphasized, even in hospitals with
a low HA influenza rate: improving vaccination rates of HCWs,
strict exclusion of ill HCWs from work, universal mask use by
HCWs and visitors during the community epidemic of influenza,
and screening of symptomatic visitors. The patient movement out-
side the room, even in the ward, should be controlled.

Despite the low HA influenza rate, the secondary attack rate
among children exposed to HA influenza was significantly higher
than that among children exposed to CA influenza, which is con-
sistent with previously reported results.7,22 Because influenza viral
shedding peaks within 2 days after symptom onset,2 patients
infected during hospitalization can have higher infectivity than
those admitted from the community after several days of illness.
Therefore, hospitalized patients suggestive of influenza should
be tested, isolated, or placed in a cohort, and treated as soon as pos-
sible to prevent nosocomial transmission. Although the RIDT pro-
vides results within 15 minutes, its positivity rate was significantly

lower in children with HA influenza than in those with CA influ-
enza in this study. The Infectious Diseases Society of America rec-
ommends using a PCR test rather than an RIDT to diagnose
influenza in inpatients.5 For rapid diagnosis with high sensitivity,
a PCR-based point-of-care test (POCT), which can be operated by
untrained personnel with a turnaround time of <30 minutes,
might be useful. However, a higher transmission rate from patients
with HA influenza than from those with CA influenza was still
observed in an adult study using a PCR-based POCT.7

Considering that children with HA influenza were less likely to
receive antiviral therapy than those with CA influenza in this study,
early antiviral therapy for patients with HA influenza may reduce
secondary transmission. However, the significant usefulness of
early antiviral therapy for inpatients with influenza and PCR-based
POCT for reducing nosocomial transmission of influenza has not
been defined.9,10,23,24

In this study, we found comparable clinical manifestations and
outcomes between children with CA influenza and children with
HA influenza. Previous reports have shown inconsistent results
regarding increased clinical severity in patients with HA influenza
compared to those with CA influenza. Many studies in specialized
wards, including patients at risk for severe complications of influ-
enza, have reported increased clinical severity in patients with HA
influenza.3 In this study, <5% of the included children had under-
lying diseases, and their proportions were comparable between
children with HA influenza and those with CA influenza. The
small number of children with underlying diseases might have
led to the generally low severity in this study. This may be the case
in other primary and secondary acute-care hospitals, especially in
pediatric wards. Recent studies, including a higher proportion of
patients with underlying diseases in the group with HA influenza
than in the group with CA influenza, have reported comparable
clinical severity between the 2 patient groups.15–18 Hospitalized
patients with CA influenza tend to have more severe symptoms
and signs than those of outpatients with CA influenza.20

Fig. 2. Disposition of the study
population.
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Meanwhile, some children with HA influenza complained of mild
symptoms and could be treated as outpatients if they were not hos-
pitalized. This may have reduced the clinical severity of children
with HA influenza in this study, and a shorter fever duration in
children with HA influenza than in those with CA influenza might
represent their intrinsic lower severity.

This study had several limitations. Due to its retrospective
nature, the patient histories of influenza vaccination and symp-
toms suggesting influenza in HCWs, household members, and vis-
itors could not be investigated. Some children with HA influenza
whose symptoms developed within 3 days after discharge might
have been missed if they did not visit our hospital after discharge.
However, the HA influenza and secondary attack rates were similar
when including and excluding the 29 children lost to follow-up
after discharge. If outpatients with CA influenza were included, the
clinical severity between children with CA influenza and those with
HA influenza might be significantly different. The study results may
not be applicable to tertiary hospitals that treat many children with
underlying chronic diseases; these hospitals might need differentiated
andmore aggressive IPC strategies than those used in primary or sec-
ondary hospitals to control nosocomial transmission of influenza.
Phylogenetic analysis of the identified influenza viruses providesmore
accurate information on transmission dynamics and index cases than
epidemiological analysis25,26; therefore, genetic analysis of the influ-
enza virus and epidemiological analysis of patients should be per-
formed concurrently in future studies.

In conclusion, cohort placement of children with influenza in
the pediatric general ward of a secondary hospital is an effective
measure for controlling nosocomial transmission of influenza.
However, other IPC measures targeting HCWs and visitors and
for the early diagnosis and treatment of children withHA influenza
should be concomitantly applied.
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