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Aim: To describe a hospital outbreak of influenza B virus (InfB) infection during season
2015/2016 by combining clinical and epidemiological data with molecular methods.
Methods: Twenty patients diagnosed with InfB from a hospital outbreak over a four-week-
period were included. Nasopharyngeal samples (NPS) positive for InfB by multiplex real-
time polymerase chain reaction were sent for lineage typing and whole genome
sequencing (WGS). Medical records were reviewed retrospectively for data regarding pa-
tient characteristics, localization, exposure and outcome, and assembled into a timeline.
In order to find possible connections to the hospital outbreak, all patients with a positive
NPS for influenza from the region over an extended time period were also reviewed.
Findings: All 20 cases of InfB were of subtype B/Yamagata, and 17 of 20 patients could be
linked to each other by either shared room or shared ward. WGS was successful or partially
successful for 15 of the 17 viral isolates, and corroborated the epidemiological link sup-
porting a close relationship. In the main affected ward, 19 of 75 inpatients were infected
with InfB during the outbreak period, resulting in an attack rate of 25%. One probable case
of influenza-related death was identified.
Conclusion: InfB may spread within an acute care hospital, and advanced molecular
methods may facilitate assessment of the source and extent of the outbreak. A multi-
faceted approach, including rapid diagnosis, early recognition of outbreak situations,
simple rules for patient management and the use of regular infection control measures,
may prevent nosocomial transmission of influenza virus.
ª 2018 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction

Influenza virus causes respiratory tract infections, and
spreads by inhalation of virus-loaded aerosols or droplets, or
via direct or indirect contact with infected individuals. Hospi-
tal outbreaks of influenza A have been described [1e3]. Pa-
tients, visitors and healthcare workers (HCWs) might be part of
the transmission chain, and outbreaks may be facilitated
Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhin.2018.06.004&domain=pdf
mailto:martina.sansone@vgregion.se
www.sciencedirect.com/science/journal/01956701
http://www.elsevier.com/locate/jhin
https://doi.org/10.1016/j.jhin.2018.06.004
https://doi.org/10.1016/j.jhin.2018.06.004
https://doi.org/10.1016/j.jhin.2018.06.004


M. Sansone et al. / Journal of Hospital Infection 101 (2019) 30e37 31
within closed settings [4], possibly by contamination of hospital
surfaces [5]. The relative importance of different modes of
transmission is contentious; however, aerosol is suggested to
be an important factor [6e8]. The epidemiological under-
standing of influenza transmission in healthcare settings is
incomplete due to variations in case identification, source and
route of transmission, patient-related factors, and the use of
infection control measures. Outbreak reports of influenza from
long-term care facilities have been of particular concern due to
the high-risk population, but reports using laboratory confir-
mation combined with accurate clinical definitions have been
rare [9]. Molecular characterization has commonly shown
multiple viral strains during hospital outbreaks, reflecting
simultaneous circulation of various strains in the community
rather than hospital clustering [10,11]. Prevention and control
strategies are essential in controlling hospital outbreaks, as
well as defining the onset and end of influenza seasons in the
community [12]. Properly designed studies are needed to
optimize preventive measures [13].

Human influenza virus is classified into types A, B and C, with
type A as the dominant cause of seasonal epidemics. Influenza
B virus (InfB) is divided into two lineages, Victoria and Yama-
gata, and is mainly associated with smaller epidemics. Few
reports have described InfB outbreaks in a hospital setting
[14e16]. Whole genome sequencing has yielded insights into
transmission dynamics in nosocomial outbreaks for other
agents (e.g. carbapenem-resistant Klebsiella pneumoniae
[17]) and community outbreaks of influenza A [18]. To the au-
thors’ knowledge, there have been no reports of hospital out-
breaks including a detailed molecular characterization of InfB.
This study identified one virus strain as the probable cause of
multiple secondary cases, causing negative effects for both
patients and hospital functions.
Methods

Setting

The outbreak occurred in a 200-bed acute care hospital,
serving a population of approximately 125,000 inhabitants in
Western Sweden, and lasted for a period of four weeks in May
2016. The period of increased seasonal influenza activity in this
area peaks from December to March, and this particular season
lasted from 5th December 2015 to 23rd April 2016. Diagnostic
services were provided by the virology laboratory at a larger
teaching hospital, serving a population of approximately
700,000 inhabitants. The time between nasopharyngeal sam-
ples (NPS) being taken and laboratory confirmation was 12e48
h, depending on time of day and transportation logistics. The
wardmost affected by the outbreak (Ward A) has 25 beds but no
isolation facilities (Figure A, see online supplementary mate-
rial). In situations when the hospital is filled to capacity, in-
patientsmight be placed in rooms not fully equipped for patient
care. The mean bed occupancy rate for Ward A during 2016 was
106%, and the mean length of hospital stay was 5.4 days.
Study design

Stored NPS from patients involved in the outbreak were used
for InfB lineage typing and sequence analysis [19]; a detailed
description is given in the supplementarymaterial. Retrospective
reviewwasundertakenof themedical records forall patientswith
an NPS positive for InfB by a real-time in-house polymerase chain
reaction (PCR) described previously [20] during an extended time
period to find possible connections with the hospital cases. This
period precedes the admission of the index case of the study by
oneweek,andterminatesoneweekafter confirmationof thefinal
case. In addition, medical records for all patients admitted to
Ward A were reviewed in order to estimate the attack rate.
Case and outbreak definitions

All cases required laboratory confirmation by multiplex real-
time PCR of InfB in combination with symptoms of influenza-
like-illness (ILI) as stated by the US Centers for Disease Control
and Prevention (fever>37.8 �C and cough or sore throat) or acute
respiratory infection (ARI), definedhereas suddenonsetof cough,
sore throator shortness of breath regardlessof feverwithnoother
plausible cause. A probable case referred to symptoms of ILI/ARI
in addition to an epidemiological link [21]. Healthcare-associated
infection (HCAI) was defined as onset of ILI/ARI symptoms �48 h
after hospital admission or �48 h after discharge [22].

The outbreak period was defined as the period between the
NPS sampling day of Case 0 and the NPS sampling day of Case 20
(hereafter referred to as Day 1eDay 19).
Infection control measures

Current recommendations from the infection control unit
and hospital management for any patient with suspected
influenza include inpatient care in a closed single room. Patients
are instructed to cover their mouth and nose while coughing or
sneezing (not specified inwhatway), andHCWsare instructed to
observe droplet precautions (visor or surgical mask/protective
glasses) in addition to standard precautions [23] when in close
contact (distance<1m) with patients. The incubation timewas
considered to be within four days of exposure.
Antiviral treatment and chemoprophylaxis

Antiviral treatment of InfB infection (75 mg of oseltamivir
twice daily for five days) was recommended for symptomatic
patients with signs of severe illness (by clinical judgement; for
example, respiratory rate >30/min, systolic blood pressure
<90 mmHg and/or diastolic blood pressure <60 mmHg, signs of
disorientation or dehydration) or with estimated high risk of
complications [24]. All hospitalized patients were generally
considered to be at high risk. Chemoprophylaxis (75 mg of osel-
tamivir once daily for 10 days) was considered for patients
exposed by sharing a room with a suspected or verified case of
influenza, regardless of vaccination status.
Results

Case 0

In order to find InfB-positive cases with a possible link to the
hospital, the outbreak period was extended as described
above. One patient, a 20-year-old male (Case 0), was diag-
nosed during a visit to the emergency room (ER) two days prior
to admission of the index patient. He was not admitted to the
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hospital and no epidemiological link to the other cases could be
established.

Index case

The index case (Case 1) was a 66-year-old male who was re-
admitted three days after discharge from Ward A (Figure 1).
The ER nurse noted that the patient’s wife had ILI. No infection
control measures for influenza were initiated, and he went
home for short periods during the hospital stay. On Day 4, the
patient developed symptoms of ILI. InfB infection was
confirmed on Day 6, and he was moved to a single room and
received oseltamivir treatment.

Outbreak

On Day 9, an 88-year-old woman (Case 2), who had reported
mild respiratory symptoms for nine days and had been dis-
charged fromWard A less than 24 h previously, presented at the
ER with an acute onset of fever (Figure 1). She was not defined
as exposed to the index patient. Oseltamivir treatment was
initiated on Day 11 when InfB infection was confirmed. Over the
following 12 days, another 17 cases of InfB infection were
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confirmed at the hospital, with a cluster of 14 patients be-
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based on clinical presentation in eight cases, but treatment
was initiated upon confirmation of InfB infection in 10 cases.
One patient (Case 18) was defined as exposed on the ward and
received oseltamivir prophylaxis within 48 h, but had a
breakthrough infection.

On Day 10 of the outbreak, a 90-year-old man (Case 8)
returned to the hospital with fever, three days after being
discharged from Ward A. Like Case 2, he had not been defined
as being exposed on the ward. Influenza was not suspected,
and he was admitted to Ward B. InfB was confirmed on Day 14,
which was the same day as two other patients from Ward B
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due to fever and/or respiratory symptoms between Days 8 and
19, five of them on Day 13 when the outbreak peaked. Ward A
was closed to admission of new inpatients due to staff short-
ages on Days 13e14. The infection control unit was contacted
on Day 13. Recommended additional infection control mea-
sures included distancing of symptomatic and asymptomatic
patients on the ward, and ensuring easy access to personal
protective equipment for HCWs. High vigilance for ILI/ARI was
initiated from Day 16, including individual assessment of
infectivity, criteria for re-admissions and continuous staff
information.
Patient characteristics and outcome

In total, 20 cases of InfB infection from the hospital were
included in the study. Demographic data, Charlson morbidity
score [25] and clinical data for all 20 patients are listed in
Table I. Data regarding vaccination status were not available
from medical records. The multiplex real-time PCR indicated a
high InfB viral load in most cases, and detected no co-infections
with other respiratory pathogens. The mean length of hospital
stay was 11.3 days and the all-cause 30-day mortality rate of
the confirmed cases was zero. One case of potential influenza-
related death was found. The patient defined above as a
probable case had a medical history of a malignant disorder,
developed ILI on Day 13 and died within 24 h. An NPS was not
obtained. Overall during the outbreak period, 19 of 75 patients
who were admitted to Ward A were diagnosed with InfB,
resulting in an attack rate of 25%. Furthermore, during the
outbreak period, nine of 75 (12%) patients on Ward A received
oseltamivir prophylaxis, and a total of 30 NPS were found
Table I

Case number, age, sex, co-morbidity estimated by Charlson scoring sy
pharyngeal samples, total length of hospital stay (LOS), number of
infection (HCAI) and antibiotic treatment (AB)

Case no. Age Sex Charlson score Exposure CT

0a 20 M 0 e 22.2
1 66 M 6 Index 22.3
2 88 F 4 Shared ward 30.3
3 68 F 4 Shared room 27.1
4b 75 F 5 Shared room 23.6
5 67 F 0 Shared room 18.4
6 45 F 4 Shared room 26.2
7 65 M 4 Shared room 24.6
8 90 M 9 Shared ward 18.8
9 87 F 0 Shared ward 20.4
10b 90 M 5 Shared room 30.1
11 57 M 3 Shared ward 21.6
12a 82 F 1 - 17.5
13 68 F 2 Shared room 21.9
14 66 F 8 Shared ward 25.7
15a 85 M 3 e 30.6
16 78 M 4 Shared ward 19.9
17 87 F 7 Shared room 19.7
18 77 F 2 Shared room 28.0
19 77 F 2 e 23.4
Median 77 4 23.4
a Cases 0, 12 and 15 could not be linked to Ward A.
b Cases 4 and 10, sequence analysis was not possible.
positive to be positive for InfB in the laboratory, of which 20
(67%) were taken from patients involved in this outbreak.
Molecular characterization of viral isolates

The phylogenetic analysis of 18 full-length (1755 nucleo-
tides) haemagglutinin (HA) sequences from the hospital
outbreak, along with all collected and sequenced Swedish B/
Yamagata viruses from season 2015/2016, the seasonal vaccine
strain for the northern hemisphere and reference viruses are
shown in Figure 2. A high CT value (cycle threshold >36) pre-
vented sequencing of InfB from Case 10, and no HA sequence
could be obtained from Case 4. Fifteen of the 18 sequences had
identical HA sequences, although Case 9 did contain a mix of
two nucleotides in one position. The remaining three cases
(Cases 0, 12 and 15) had identical HA sequences but differed in
three nucleotide positions from the other 15 cases. The HA
nucleotide sequences of the 18 cases were not identical to any
other Swedish B/Yamagata viruses collected and sequenced
during season 2015/2016. All 18 cases were identical at amino
acid level (HA) and belonged to genetic clade 3. Information
regarding the identity of the respective nucleotide alterations
and the accession numbers for the viruses in GISAID EpiFlu
(www.GISAID.org/) are shown in Table A (see online supple-
mentary material).

Further analysis of nucleotide differences within the entire
InfB genome could arrange the isolates in three groups,
distinctly separated from Cases 0, 12 and 15 (Figure 3A). Within
Group 1, four viruses displayed a mixed population of nucleic
acids in one to two positions. For Case 3, sequencing results
were lacking for PB2, PB1, PA and NP. Within Group 2, which
stem, probable mode of exposure, cycle threshold (CT) for naso-
re-admissions during the outbreak period, healthcare-associated

LOS (days) Re-admissions (N) HCAI (Y/N) AB (Y/N)

0 0 N N
18 1 Y Y
26 2 Y Y
24 0 Y Y
47 0 Y Y
6 0 Y N

12 1 Y Y
8 0 Y Y

21 1 N Y
25 0 Y Y
9 0 Y N

10 0 Y N
23 0 N Y
37 0 Y Y
10 1 Y Y
3 0 N Y

12 1 Y Y
27 1 Y N
4 1 Y Y

21 1 N Y

http://www.gisaid.org/
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Figure 2. Phylogenetic analysis of full-length (1755 nucleotides) haemagglutinin sequences. Included are 18 viruses from the hospital
outbreak (blue), all Swedish B/Yamagata viruses collected and sequenced during season 2015/2016 (N ¼ 10, black), date and geographical
location shown, and reference viruses (grey) and the vaccine strain for northern hemisphere season 2015/2016: B/Phuket/3073/2013
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consisted of a single isolate, two positions exhibited altered
nucleotide sequences compared with the viruses in Group 1.
Group 3 consisted of four viruses with two positions where the
same nucleotide variations were observed for all isolates.
Additional variations were also found in three of the isolates.

A putative transmission map was created using nucleotide
and patient data in relation to time and location within the
hospital (Figure 3B). For Case 4, Case 10 and HCWs, no
transmission could be supported by sequence analysis due to
lack of data. The transmission map generated by integrating
nucleotide analysis and epidemiological data highlights the
complexity of the outbreak progression. Three putative
transmission events stemmed from the index patient, and two
secondary transmission events subsequently stemmed from
Cases 8 and 3, which likely resulted in six additional infections.
Transmission from Case 3 to Case 11 eventually resulted in

http://www.GISAID.org


ID
1
2
3
5
6
7
8

14
16
18

17

9
11
13
19

0
12
15

H
A

N
A

M
P

N
S

PB
2

PB
1

PA N
P

Cluster 1

Cluster 2

Cluster 3

A

13

19
18

17
14

9

Ti
m

el
in

e

B

1

2

8 4

16 3

5 6 7 10 11

Figure 3. (A) Single nucleotide variants (SNVs) identified in the eight segments of the sequenced influenza B virus (InfB) genomes.
Nucleotide positions that had identified variations compared with the index case are shown, with variable positions on the x-axis and case
ID on the y-axis. Light grey, nucleotide variant based on sequence of index case (ID 1); black, altered nucleotide (SNV) compared with
index case; blue, mixed nucleotide population; missing values, no sequence data obtained. Variants present at a frequency of at least 20%
(in positions with coverage �20X) were included. In some cases, the coverage was <20X for some nucleotide positions, which were
therefore not analysed for variants. Information regarding the identity of respective nucleotide alteration can be found in Table A (see
online supplementary material). Variant detection and alignment of the sequences were performed with CLC Genomics Workbench
(Qiagen). (B) Putative map for InfB transmission based on SNV analysis of the whole InfB genome and patient overlap within a ward. Nodes
represent cases and arrows indicate transmission events, directly or indirectly, from one patient to another. Dashed open nodes represent
cases where sequence data are lacking. Solid arrows indicate highly likely transmissions and dashed arrows represent possible trans-
mission events. Yellow nodes, Group 1; green node, Group 2; red nodes, Group 3.

M. Sansone et al. / Journal of Hospital Infection 101 (2019) 30e37 35
transmission to another three patients, according to the
generated map, before the outbreak came to a halt. No mu-
tations associated with resistance to oseltamivir or zanamivir
were identified in the neuraminidase gene in any of the 17
cases where sequence analysis was complete.
Discussion

In this study, 17 of 20 patients with InfB infection could be
epidemiologically linked to each other. The connections in
time and space were supported by molecular data, adding
more weight to the hypothesis that transmission occurred
within the hospital. Furthermore, detailed analysis of all gene
segments identified three separate groups within the outbreak,
where mutations of single nucleotides had occurred. The mu-
tation rate for influenza B is estimated to be two or three times
lower than for influenza A (which is predicted to be two to
three mutations per replicated genome) or one mutation per
replication cycle [26,27]. This is in line with the single nucle-
otide variant analysis, indicating that rapid changes occurred
within the influenza genome during the outbreak period.

Delayed initiation of antiviral therapy and infection control
measures at the beginning of the outbreak may have enabled
the first cases to spread the virus efficiently. The median in-
cubation time for InfB is 0.6 days [28], explaining why the
impact of Case 3 or 4 might have been of greater importance. A
few individuals appear to be more important for spreading the
virus, as determined by the putative transmission map. The gap
between Days 4 and 10, when no new patients reported
symptoms, suggest that during these days, HCWs or asymp-
tomatic patients might have been part of the transmission
chain. At the beginning of the outbreak, no preventive mea-
sures were taken before laboratory confirmation. During
weekends, access to the on-call physician is limited and no
regular ward rounds are performed, which may have added to
the delay.

None of the 15 HCWs who reported sick leave were vacci-
nated. Five of them reported sick at the peak of the outbreak,
suggesting a common source of infection. HCWs tend to work
despite mild respiratory symptoms, increasing the exposure of
co-workers and patients to influenza [29]. It has been shown
that the highest number of contacts in hospital care occurs
between nurses, or between nurses and patients, which high-
lights the role of HCWs in nosocomial influenza transmission
[30]. Analysis of the severe acute respiratory syndrome
outbreak in Beijing identified a high number of close contacts,
misdiagnosis and overcrowding as risk factors for ‘super-
spreading’ in a hospital setting [31]. Intrahospital transfer of
patients with suspected influenza within or between wards
may be counterproductive, and may increase the number of
exposed individuals. This is illustrated in this study by Case 8,
who was re-admitted to another ward despite recent exposure,
resulting in Cases 14 and 17.
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Defining a patient as exposed to influenza may be difficult,
especially when HCWs may be involved. The total number of
infectious individuals in a hospital unit might increase the
overall risk of exposure. In the present study, seven cases of
influenza were diagnosed in patients who did not share a room
with a confirmed case. To estimate the number of exposed
patients demands knowledge of local conditions, patient
transfer patterns within a facility, and individual assessment of
infectivity. Access to isolation facilities is, as in the present
study, often limited. Patients and HCWs might also be exposed
to influenza virus in public areas outside patient rooms, such as
corridors, elevators and waiting rooms.

The attack rate for confirmed InfB among inpatients in Ward
A was 25%. Only one patient was defined as a probable case.
This indicates a low threshold for NPS sampling in patients with
ILI/ARI. In outbreak reports from long-term care facilities,
attack rates for influenza (A and B) ranges between 1% and 65%,
with an adjusted mean of 28%; however, the attack rate of InfB
is commonly lower than for influenza A [9]. It has also been
hypothesized that elderly people are particularly vulnerable to
the Yamagata lineage [32]. The short incubation period might
also lead to underestimation of nosocomial transmission rates.
In this study, five patients did not meet the defined criteria for
an HCAI (Cases 0, 8, 12, 15 and 19), although the results
strongly suggest that Cases 8 and 19 had a hospital-acquired
influenza infection.

Chemoprophylaxis for exposed individuals may reduce
attack rates and shorten outbreak durations [33,34], and
oseltamivir used for both treatment and prophylaxis has been
shown to be more effective than treatment alone [35]. When
nosocomial transmission is suspected, it might be useful to
provide extended and prolonged prophylaxis, which is probably
easier to implement than coherent social distancing. However,
oseltamivir seems to be less effective for InfB than for influ-
enza A regarding fever duration and virus persistence [36,37],
which may have influenced the course of the outbreak reported
here.

It is difficult to make an aetiologic diagnosis of ARI based on
the clinical presentation alone [38]. Also, low suspicion of
influenza outside the ordinary season may have delayed the
recognition of InfB cases in this study. To what extent HCWs and
patients followed the recommended infection control mea-
sures is unknown. An outbreak was not suspected until Day 13,
when seven cases had already been confirmed. Risk perception
may promote protective behaviour [39], and no onward
transmission could be demonstrated for Cases 12 and 15
(diagnosed on two different wards on Days 15 and 16) when the
vigilance of influenza was high throughout the hospital. Addi-
tional infection control measures were introduced on Days 13
and 16, but most likely had limited impact as the number of
susceptible individuals decreased continuously.

This report has several limitations. Unknown factors may
have affected the course of the outbreak. Data were collected
retrospectively and this may have generated bias. Detailed
contact patterns for the infected patients (i.e. shared room for
short time periods) could not be established. The HCWs’ part of
the transmission chain is unclear as information regarding
symptoms, laboratory confirmation and adherence to control
measures was lacking. Sequence data were only partially
complete for Case 3, and were lacking for Cases 4 and 10,
making the putative transmission map incomplete. The total
number of InfB cases may have been underestimated as
asymptomatic patients not meeting the definition of a probable
case were not included. There may also be unknown patients,
discharged during the outbreak, who contracted InfB on the
ward but did not seek further medical care. Patient data
regarding vaccination are also lacking. Vaccination coverage
for influenza in age group >65 years in Sweden was estimated
to be 50% in season 2015/16. However, the protective effect of
the vaccine in this study is probably of limited importance due
to late seasonal onset and waning immunity.

In conclusion, InfB may spread within an acute care hospi-
tal, and advanced molecular methods may facilitate assess-
ment of the source and extent of the outbreak. A multi-faceted
approach including rapid diagnosis, early recognition of
outbreak situations, simple rules for patient management and
the use of regular infection control measures may prevent
nosocomial transmission of influenza virus.
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