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SUMMARY

During outbreaks of hospital-acquired influenza-like illness (HA-ILI) healthcare workers
(HCWs), patients, and visitors are each a source of infection for the other. Quantifying the
effects of these various exposures will help improve prevention and control of HA-ILI outbreaks.
We estimated the attributability of HA-ILI to: (1) exposure to recorded or unrecorded sources;
(2) exposure to contagious patient or contagious HCW; (3) exposure during observable or
unobservable contagious period of the recorded sources; and, (4) the moment of exposure.
Among recorded sources, 59% [95% credible interval (CrI) 34–83] of HA-ILI of patients was
associated with exposure to contagious patients and 41% (95% CrI 17–66) with exposure to
contagious HCWs. Exposure during the unobservable contagiousness period of source patients
accounted for 49% (95% CrI 19–75) of HA-ILI, while exposure during the unobservable
contagiousness period of source HCWs accounted for 82% (95% CrI 51–99) of HA-ILI. About
80% of HA-ILIs were associated with exposure 1 day earlier. Secondary cases of HA-ILI might
appear as soon as the day after the detection of a primary case highlighting the explosive nature
of HA-ILI spread. Unobservable transmission was the main cause of HA-ILI transmission
suggesting that symptom-based control measures alone might not prevent hospital outbreaks. The
results support the rapid implementation of interventions to control influenza transmission.
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INTRODUCTION

During outbreaks of hospital-acquired influenza
(HAI) or hospital-acquired influenza-like illness
(HA-ILI), morbidity and mortality increase in

patients, especially those with severe underlying dis-
eases [1]. Healthcare workers (HCWs) are also at
risk of influenza through extra-hospital exposure (gen-
eral population) or intra-hospital exposure (patients,
visitors, or colleagues); they then become, inside the
hospital, possible sources of infection for other
patients or colleagues. These intra-hospital transmis-
sions impose direct and indirect costs associated with
additional laboratory tests, unnecessary or inappro-
priate antibiotic use, disrupted hospital service due
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to absenteeism and increased workload on uninfected
HCWs, and, possibly, ward closure [1–3].

HA-ILI is transmitted by contagious persons to sus-
ceptible patients. The literature reviews of hospital
outbreaks [1, 2] indicate that each HCW, patient, or
visitor is a potential source of infection that may re-
main unidentified. Quantifying the contribution of
each source of HA-ILI transmission through statistical
modelling should help to understand the intra-hospital
spread of HA-ILI and implementation of preventive
and control measures during seasonal epidemics or
pandemics [4].

However, for valid statistical inference, some fea-
tures of communicable diseases should be considered;
e.g. the natural history and the occurrence of depend-
ent events [5]. First, in case of HA-ILI, transmission is
likely to have occurred through exposure during the
previous days. It would therefore be useful to identify:
(i) the most probable source of infection (patient,
HCW, visitor) in order to choose appropriate inter-
ventions; and (ii) the delay between exposure and
HA-ILI in order to time the interventions. Second,
after infection by ILI viruses, an infected person
may become contagious well before the onset of the
first symptoms (unobservable contagious period) and
remain contagious during the course of the disease
(observable contagious period). It is therefore import-
ant to know the extent to which exposure during the
unobservable contagious period contributes to
HA-ILI transmission in order to determine the dur-
ation of the interventions.

A statistical model was previously developed to in-
tegrate these features in order to assess the risk of
HA-ILI associated with multiple exposures [6]. Here,
data collected prospectively during three influenza
outbreaks [7] are used to study the influence of observ-
able exposure to contagious patients and HCWs and
of unobservable exposure to other sources on the
patient’s risk of HA-ILI, and to quantify the contribu-
tion of each source of transmission.

METHODS

Data sources

The data came from a prospective observational study
performed during three influenza outbreaks between
15 November 2004 and 15 April 2007 at Edouard
Herriot Hospital, Lyon, France [7].

Briefly, each participating ward was followed-up
daily to detect ILI cases. A case was defined as an

adult patient or HCW presenting with fever (537·8 °C)
and cough or sore throat. The data collected on eachpa-
tient hospitalized in the participating wards included
admission and discharge dates, the date of symptom
onset, and data on HCW work periods. Overall, the
data concerned 64 incident ILI cases among 21 417
patients at risk of ILI with a median length of stay of
9 days (range 2–77 days) [7]. The French Institut de
Veille Sanitaire provided data on the incidence of ILI
in the general population [8].

Statistical analysis

The present analysis developed a previous statistical
model [6] built to link the patient’s risk of communicable
disease (with multiple exposures) to recorded and unre-
corded sources of transmission in healthcare settings.
However, this model did not consider the role of the
source; i.e. patient orHCW.Here, the newmodel assesses
the risk of HA-ILI conditionally on exposure to recorded
contagiouspatients orHCWsor tounrecorded symptom-
atic or asymptomatic patients, HCWs, or visitors.

Unless serious effort is put into microbiological test-
ing, only the onset of HA-ILI symptoms can be directly
observed during an outbreak; exposures that lead to in-
fection and the start of contagiousness cannot be easily
observed. However, in infectious disease epidemiology
this is an important feature that should be incorporated
in the modelling process. We therefore needed to trans-
late observable information gathered during investiga-
tion into unobservable information that is essential
for modelling transmission [5]. In the specific case of
influenza, the contagious period starts 1 day before
symptom onset and lasts for a maximum of 6 days
[9]. The unobservable contagiousness period was thus
defined as the day before symptom onset and the ob-
servable contagiousness period as a maximum of 5
days following symptom onset. Moreover, considering
that the maximum length of incubation period is 5
days [10], it was assumed that exposure to a contagious
source within a given ward during the 5 days preceding
a given time point t was compatible with potential
transmission. This allowed us to distinguish, for each
susceptible patient at a given time t, the exposures
that occurred the day before from those that occurred
2–5 days before. We therefore relaxed the assumption
that the risk of infection is uniform over the contagious
period and the moments of exposure.

Consequently, the following effects can be separately
estimated: (1) exposure to recorded vs. unrecorded
sources; (2) exposure to contagious patients vs.
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contagious HCWs; (3) exposure 1 day vs. 2–5 days be-
fore time t; and, (4) exposure during observable vs. un-
observable contagious periods of the recorded sources.

The analysis considered that the infected patients
could not become susceptible anew; therefore, the
follow-up was censored at the day of HA-ILI onset for
cases and the day of discharge for HA-ILI-free persons.

The risk of HA-ILI was modelled at the patient
level and for each half-day of hospitalization. The
half-day time unit was convenient because: (i) at our
hospital, the patients are admitted in the afternoon
and discharged in the morning whereas the HCWs
work either in the morning or the afternoon, and,
(ii) the risk and the exposure appear to be more con-
stant with the day time unit.

Bayesian inferencewas used to estimate the parameters
and the relative contributions of the various exposures
[11]. Markov Chain Monte Carlo (MCMC) methods
run with OpenBUGS and the coda package in R [12]
provided the means and 95% credible intervals (95%
CrIs) from the posterior distributions of the para-
meters. The attributability of HA-ILI to the different
types of exposure was also calculated. The details of
the model and of these calculations are provided in
the Supplementary material.

Sensitivity analyses were performed to study how par-
ameter estimates varied according to various assump-
tions about the contagious and incubation periods. For
this, we varied the maximum length of the contagious
period from 5 days to 4 days, and the maximum of the
incubation period from 5 days to 2 days. We present
this sensitivity analysis in the Supplementary material.

RESULTS

Risk of HA-ILI associated with exposure to recorded
and unrecorded sources

Table 1 shows that the patients’ risk of HA-ILI was
78·9/10 000 patient-days (95% CrI 42·8–131·1) in
case of exposure to recorded contagious patients and
57·0 (95% CrI 18·3–112·7) in case of exposure to
recorded contagious HCWs. In case of exposure to
an unrecorded source of infection, the risk of
HA-ILI for the patients was fivefold higher during
the epidemic than during the sporadic period of the
disease (4·2 vs. 0·8/10 000 patient days). The attribut-
ability of HA-ILI to any recorded source was 97%
(95% CrI 94–98) during the epidemic period and
99% (95% CrI 99–100) during the sporadic period.

Attributability of HA-ILI to the role of the source

Among recorded sources, the study estimated that
59% (95% CrI 34–83) of all HA-ILIs could be attrib-
uted to exposure to contagious patients and 41% (95%
CrI 17–66) to exposure to contagious HCWs (Fig. 1).
Details of the calculations are provided in the
Supplementary material.

Attributability of HA-ILI to observability of
contagiousness and the moment of exposure

Figure 1 details attributability results. Table 2 shows
that exposure to contagious patients the day before a
given time twasmore likely to be compatible with trans-
mission than exposure 2–5 days before [80% (95% CrI
59–96) vs. 20% (95% CrI 4–41)]. In addition, the risks
ofHA-ILIwere similar during the observable and unob-
servable contagiousness period of the recorded source
[49% (95% CrI 19–75) vs. 51% (95% CrI 25–81)].

Exposure to contagious HCWs the day before a
given time t were more likely to be compatible with
transmission than exposure occurring 2–5 days before
[81% (95% CrI 46–99) vs. 19% (95% CrI 1–45)]. In
case of exposure to contagious HCWs, the risk of
HA-ILI was much greater during the unobservable
than during the observable contagiousness period
[82% (95% CrI 51–99) vs. 18% (95% CrI 1–49)].

Sensitivity analyses

Sensitivity analyses are presented in the Supplementary
material and show that similar estimates and 95% CrIs
were obtained for each parameter.

Table 1. Risk of hospital-acquired influenza-like illness
(HA-ILI) associated with exposure to recorded and
unrecorded sources

Mean (95% CrI)

Risk of HA-ILI associated with exposure
to unrecorded sources (/10 000
patient-days)
During the sporadic period in the
community

0·8 (0·3–1·6)

During the epidemic in the community 4·2 (2·5–6·4)
Risk of HA-ILI associated with the role
of the recorded sources (/10 000
patient-days)
Patients 78·9 (42·8–131·1)
Healthcare workers 57·0 (18·3–112·7)

CrI, Credible interval.
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DISCUSSION

The present work investigated the changes in the risk
of HA-ILI transmission to hospitalized patients
according to the exposure to recorded contagious
patients or HCWs or unrecorded sources.

The study yielded two important findings. First,
about 81% of HA-ILIs were associated with exposure

1 day earlier. This short incubation period of ILI is in
agreement with a recent discussion on the definition of
HAI [13], underlines the explosive nature of HA-ILI
spread, and suggests that secondary cases might
appear as soon as 24 h after a primary case. Second,
49% and 82% of HA-ILIs can be attributed to
not yet symptomatic or asymptomatic contagious
patients and HCWs, respectively. This highlights

81%

19%

1 d. before 2-5 d. before

80%

20%

1 d. before 2-5 d. before

49% 51%

0%

50%

100%

Unobservable Observable

Attributability
according to

observability of
contagiousness  

Attributability
according to

moment of exposure

Exposure to contagious recorded
patients

Exposure to contagious recorded
HCWs

Attributability
according to

observability of
contagiousness

Attributability
according to

moment of exposure

Attributability according to exposure
to contagious recorded sources

59%
41%

0%

50%

100%

Exposure to
contagious

patients

Exposure to
contagious

HCWs

82%

18%

0%

50%

100%

Unobservable Observable

Fig. 1. Attributability of HA-ILI among patients according to various recorded sources of exposure.

Table 2. Analysis of the attributability of hospital-acquired influenza-like illness (HA-ILI) according to
observability of contagiousness and to the moment of exposure

Mean (95% CrI)

Attributability of HA-ILI according to the moment of exposure (%)
Exposure to recorded contagious patient
1 day before time t 80 (59–96)
2–5 days before time t 20 (4–41)

Exposure to recorded contagious HCW
1 day before time t 81 (46–99)
4–5 days before time t 19 (1–45)

Attributability of HA-ILI according to observability of contagiousness (%)
Exposure to recorded contagious patient
During the unobservable contagious period 49 (19–75)
During the observable contagious period 51 (25–81)

Exposure to recorded contagious HCW
During the unobservable contagious period 82 (51–99)
During the observable contagious period 18 (1–49)

CrI, Credible interval.
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that unobservable transmissions may precede HA-ILI
outbreaks and suggests that symptom-based control
measures alone might fail to halt HA-ILI and
influenza transmission in the acute-care setting.

Previous reports on HAI outbreaks [1, 2] have indi-
cated that HCWs, patients, and visitors are all poten-
tial sources of infection and that, sometimes, no
source of infection could be identified suggesting
transmission from asymptomatic individuals. The pre-
sent results are in agreement with these reports and
show that unrecorded sources may account for 1–3%
of all HA-ILIs.

In the present study, the unrecorded sources could in-
clude symptomatic patients orHCWsmissed by survey,
asymptomatic contagious carriers, and contagious visi-
tors (when not under study). However, it seems unlikely
that symptomatic patients or HCWs could have been
missed here because the ILI definition had a high sensi-
tivity and because of the active surveillance [14]. The
unobserved transmission may be explained by the pres-
ence of asymptomatic contagious individuals. Indeed,
the proportion of asymptomatic influenza carriers has
been estimated at 30% even if their infectiousness is
believed to be reduced. Moreover, the effect of unre-
corded exposure seemed to increase fivefold during
the epidemic vs. the sporadic period. This increase
may be due to an increase of the number of contagious
visitors during the epidemic period. This result is in fa-
vour of exposure-limitingmeasures during the epidemic
or pandemic period in order to avoid unwanted intro-
duction of influenza to hospitals.

In the present study, the majority of HA-ILIs were
attributable to symptomatic contagious patients and
HCWs because 97% and 99% of HA-ILIs were asso-
ciated with recorded exposure during the epidemic
and sporadic period, respectively. Interestingly, the
distribution of the risk indicates that about half of
HA-ILI cases were associated with exposure to conta-
gious patients. Two hypotheses might explain this re-
sult. First, while direct patient-to-patient transmission
cannot be ruled out, especially in wards where contact
between patients is frequent, patient-to-patient trans-
mission could also occur indirectly through HCWs
acting as vectors [15, 16]. Second, airborne transmis-
sion from patient to patient in confined settings
might be as important as direct transmission through
close contact [17, 18].

On the basis of the present results, a number of pre-
vention and control measures may be discussed. In
France, the Institut de Veille Sanitaire declare the
start of the influenza epidemic annually [8]. Hospitals

should then watch the progress of the epidemic in the
general population and start active surveillance when
ILI incidence exceeds the epidemic threshold. This
helps in avoiding unnecessary introduction of influenza
to hospitals and in preparing for increase of admissions
of potentially influenza-infected patients. Given the
short period between exposure and HA-ILI and given
the possibility of transmission during the unobservable
contagiousness period, isolation of symptomatic
patients or contacts and contact tracing should be the
first measures taken to prevent secondary cases.

In practice, control of airborne transmission is diffi-
cult; however, control of indirect transmission via
HCWs can be easily achieved through enhanced pro-
motion of hand washing, use of face-masks and vac-
cination. The prophylactic antiviral chemotherapy of
patients exposed to contagious persons and the treat-
ment of infected persons could reduce transmission
during the observable and unobservable contagious
periods. However, this action may be limited by the
small number of antiviral drugs available, the emer-
gence of resistance and the possible side-effects.
Visiting restrictions and ward closures can also help
reduce the impact of the outside epidemic on
HA-ILI transmission. Moreover, interventions, par-
ticularly non-pharmaceutical interventions, aiming at
controlling transmission should be started as soon as
the first case is suspected because even short delays be-
fore implementation of interventions may increase
HA-ILI and influenza spread through unobserved
transmission.

The approach presented here has some limitations.
First, the definition of exposure ignored actual contact
between persons. In practice, it is difficult to followeach
person to find out with whom, when, and for how long
he/she came into contact with another person. Second,
the definition of the contagious period we used ignored
individual variation; although we performed sensitivity
analyses, it would be interesting to integrate this vari-
ation into a future improved model. Third, the study
did not consider a follow-up of potential patients to col-
lect the occurrence of HA-ILI after hospital discharge;
thus, transmission might well have been underesti-
mated. Finally, the analysis was about HA-ILI; its
transposition to influenza remains debatable despite a
strong correlation between the incidence of ILI and
the epidemic activity of influenza. Here, only 13
(20%) out of 64 patients with HA-ILI had laboratory-
confirmed influenza.

In conclusion, the present results indicate that the
majority of HA-ILIs in patients was equally
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attributable to exposure to contagious patients and
contagious HCWs. The very short period between ex-
posure and HA-ILI and the large transmission during
the unobservable contagiousness period are strong
indicators of the explosive nature of HA-ILI and
influenza at hospital. The above-mentioned, well-
known prevention and control measures should be dis-
cussed in continuing education and reminders given to
patients, HCWs, and visitors, especially during sea-
sonal and pandemic influenza.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0950268816000145.
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