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Background. Influenza virus infections are associated with a wide spectrum of disease. However, few studies have investigated
in detail the epidemiological and virological characteristics of asymptomatic and mild illness with influenza virus infections.

Methods. Ina community-based study in Hong Kong from 2008 to 2014, we followed up initially healthy individuals who were
household contacts of symptomatic persons with laboratory-confirmed influenza, to identify secondary infections. Information
from daily symptom diaries was used to classify infections as symptomatic (=2 signs/symptoms, including fever >37.8°C, headache,
myalgia, cough, sore throat, runny nose and sputum), paucisymptomatic (1 symptom only), or asymptomatic (none of these symp-

toms). We compared the patterns of influenza viral shedding between these groups.

Results.

We identified 235 virologically confirmed secondary cases of influenza virus infection in the household setting, includ-

ing 31 (13%) paucisymptomatic and 25 (11%) asymptomatic cases. The duration of viral RNA shedding was shorter and declined
more rapidly in paucisymptomatic and asymptomatic than in symptomatic cases. The mean levels of influenza viral RNA shedding
in asymptomatic and paucisymptomatic cases were approximately 1-2 log,  copies lower than in symptomatic cases.

Conclusions.

The presence of influenza viral shedding in patients with influenza who have very few or no symptoms reflects

their potential for transmitting the virus to close contacts. These findings suggest that further research is needed to investigate the
contribution of persons with asymptomatic or clinically mild influenza virus infections to influenza virus transmission in household,

institutional, and community settings.
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Influenza virus infections are associated with a wide range of
clinical manifestations, ranging from asymptomatic infection
to critical and fatal illness [1]. Although an average of one-third
of infections were asymptomatic in a meta-analysis of challenge
studies [2], this proportion varied by the viral inoculum dose and
the method of administration [3]. Our recent systematic review
reported that a pooled mean of 16% (95% confidence interval,
13%-19%) of virologically confirmed influenza virus infections
identified in prospective community-based studies were asymp-
tomatic [4]. In that review, we also found evidence for a further
proportion of infected patients who were infected but not shed-
ding virus, or shedding at a low level not picked up by virological
assessments but indicated by serological testing [4]. Asymptomatic
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persons and those with mild illness associated with influenza virus
infection have rarely been investigated systematically in commu-
nity studies [5-7]. Therefore, the role of asymptomatic and mildly
ill persons with influenza virus infection in the transmission of
influenza viruses in the community is largely unknown.

Data are limited on the duration and pattern of influenza viral
shedding, and the potential infectivity of asymptomatic and mildly ill
persons compared with those with more symptomatic and systemic
illness manifestations associated with influenza virus infection. The
objective of the current study was to describe the characteristics of
asymptomatic and paucisymptomatic (defined below) secondary
cases of influenza virus infection identified in a prospective com-
munity-based household study conducted over 7 years in Hong
Kong, including patterns of clinical illness and quantitative virus
shedding, in comparison with symptomatic infections.

METHODS

Recruitment and Follow-up of Participants
A community-based randomized controlled trial investigat-
ing the efficacy of nonpharmaceutical interventions against
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influenza virus transmission in households was conducted in
Hong Kong during 2008 [8]. An observational study with simi-
lar recruitment and follow-up, but no randomly allocated inter-
ventions, was conducted during the influenza A(HIN1) 2009
pandemic [9] and continued through 2014. In these studies,
patients were recruited as household index case patients from
primary healthcare providers if they presented with acute res-
piratory illness (ARI), defined as having >2 of 7 signs/symp-
toms (fever >37.8°C, headache, myalgia, cough, sore throat,
runny nose, and sputum production) and were the first member
in their household with a recent ARI.

Index case patients who tested positive for influenza with the
QuickVue Influenza A + B rapid diagnostic test (Quidel) were
invited to participate in further follow-up, during which the
whole household was visited 3 times: on the day of recruitment,
and 3 and 6 days later. Nose and throat swab (NTS) specimens
were collected from all household members at every home visit,
regardless of the presence or absence of respiratory symptoms.
Detection of influenza A or B virus and quantification of viral
RNA shedding on combined NTS specimens was done with
standard reverse-transcription polymerase chain reaction
(RT-PCR) testing [10, 11]. Quantitative viral dilutions were also
performed to detect median tissue culture infectious dose and
determine replicating influenza viral load [12]. Daily symp-
tom diaries including the 7 signs/symptoms listed above were
completed by all household members and digital thermometers
were distributed to each household for standardized recording
of daily tympanic temperature.

Household members other than the index case patient
were referred to as household contacts. A secondary case
patient was defined as any household contact who was
negative for influenza at the first home visit and was sub-
sequently found to be positive for influenza virus by either
RT-PCR or virus culture. For the clinical symptoms of these
laboratory-confirmed secondary infections, a case patient
with ARI was defined as a contact who had >2 respiratory
signs or symptoms from the 7 listed above. A subset of these
patients also met the criteria for influenza-like illness (ILI),
which we defined as fever 237.8°C plus cough or sore throat.
A paucisymptomatic case patient was defined as a contact
who reported only 1 sign/symptom on =1 day of follow-up
and <1 of the 7 signs/symptoms on every day of follow-up.
Asymptomatic case patients were defined as those who
reported none of the 7 signs/symptoms listed above on any
day during follow-up. Among case patients with ARI, a fur-
ther subcategory of ILI was defined as the presence of fever
(=37.8°C) plus cough and/or sore throat [9].

Statistical Analysis

We calculated the proportion of asymptomatic and paucisymp-
tomatic cases among secondary infections by different influ-
enza viral types/subtypes (prepandemic A(HIN1), A(HINI)

pdm09, A(H3N2), and influenza B), and compared these pro-
portions using Z tests. We analyzed the time from symptom
onset to alleviation with Kaplan-Meier estimates and compared
the symptomatic duration between paucisymptomatic and ARI
case patients with log-rank tests. To study the determinants of
clinical presentation among secondary case patients, we mod-
eled the odds of being symptomatic (meeting the ARI case
definition), compared with clinically asymptomatic or pau-
cisymptomatic, by a logistic regression model adjusting for rel-
evant demographics (age and sex), medical factors (comorbid
conditons and vaccination history), and familial role of index
case patients (parent or child).

The geometric mean of log  viral shedding assessed by quan-
titative RT-PCR was compared between the asymptomatic,
paucisymptomatic, and ARI groups, stratified by viral type/sub-
type. For undetectable values, half of the lower limit of detec-
tion (ie, 450 copies/mL) was imputed when calculating daily
geometric means. Patterns of influenza viral RNA shedding
over time were analyzed by plotting the viral copies obtained
from the quantitative RT-PCR cycle threshold values by the day
of first symptom onset (day 0) for ARI and paucisymptomatic
case patient groups. We compared the trajectories of the decline
in viral RNA shedding between these patient groups using lin-
ear random effects model [12]. We also examined the duration
of influenza viral RNA shedding by analyzing data on detection
of viral RNA by RT-PCR in the NTS specimens collected on
days 0, 3, and 6, accounting for the interval censoring. We fit-
ted log-normal regression models to investigate the correlation
between the duration of viral RNA shedding and classification
of case patients as ARI, paucisymptomatic, and asymptomatic.
All analyses were conducted with R software, version 3.2.2 (R
Foundation for Statistical Computing).

RESULTS

Over the study period of 7 years, we enrolled 852 households
each with an index case patient who tested positive for influ-
enza by rapid influenza diagnostic test, and we obtained NTS
specimens from a total of 2645 household contacts from these
households. Among all household contacts, 235 (8.9%) had
laboratory-confirmed secondary influenza virus infection
identified by RT-PCR and/or virus culture. Among these sec-
ondary case patients, 179 (76%) had AR, including 83 (35%)
with ILL and 56 (24%) reported <1 sign/symptom, including
31 paucisymptomatic patients (13%) reporting only 1 symptom
and 25 asymptomatic patients (11%) (Table 1). On stratifica-
tion by type and subtype of influenza A virus, the proportion
of asymptomatic and paucisymptomatic patients varied from
6% to 21% but differences were not statistically significant
(P =.29; XZ test) (Table 1). The asymptomatic fraction varied
from 6% for A(HIN1)pdm09 to 20% for influenza B, but these
differences were not significant (P = .09; thest) (Table 1). When
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Table 1.

Characteristics and Clinical Symptoms of 235 Naturally Acquired Secondary Influenza Virus Infection With Differential Clinical Presentations

Case Patients, No. (%)

ARI Case Patients

Characteristics and All Secondary Case

ARI Not Meeting

Symptoms Patients, No. Definition of ILI Paucisymptomatic ~ Asymptomatic
Overall 235 83 (35) 96 (41) 31 (13) 25 (11)
Influenza type/subtype
Pandemic A(HTN1) 33 9 (27) 15 (45) 7 (21) 2 (6)
Seasonal A(H1N1) 73 28 (38) 33 (45) 7 (10) 5(7)
Seasonal A(H3N2) 69 24 (35) 29 (42) 8(12) 8(12)
Seasonal B 49 15 (31) 16 (33) 8 (16) 10 (20)
Characteristics
Male sex 91 33 (40) 37 (39) 10 (32) 11 (44)
Age group
0-15vy 61 35 (43) 14 (15) 8 (26) 4 (16)
16-45y 134 34 (42) 65 (68) 18 (58) 17 (68)
>46y 37 12 (15) 16 (17) 5 (16) 4 (16)
Received influenza vaccine in 28 12 (15) 10 (10) 3 (10) 3(12)
past 1y
Ever smoker 20 4 (5) 13 (14) 1) 2(8)
Underlying medical condition 34 13 (16) 14 (15) 4 (13) 3(12)
Symptoms reported
Cough 162 81 (98) 78 (81) 3 (10)
Runny nose 171 74 (89) 87 (91) 10 (32)
Sore throat 132 62 (75) 66 (69) 4 (13)
Sputum 127 62 (75) 62 (65) 3(10)
Fever (>37.8°C) 97 83 (100) 6 (6) 8 (26)
Headache 104 49 (59) 49 (51) 6 (19)
Myalgia 98 47 (57) 49 (51) 2 (6)

Abbreviations: ARI, acute respiratory illness; ILI, influenzalike illness.

paucisymptomatic patients were compared with those with
ARI, the time from symptom onset to alleviation was signifi-
cantly shorter (P < .01; log-rank test), with a median sympto-
matic duration of 2 days, versus 8 days for patients with ARI
(Figure 1).

Apart from fewer smokers in the paucisymptomatic group,
the sex and age distribution and the proportion receiving influ-
enza vaccination in the past year or having chronic illness were
generally similar among the 3 groups of patients with differ-
ential clinical presentations (Table 1). On logistic regression,
the adjusted odds of being symptomatic were not significantly
associated with age, sex, vaccination history, smoking status, or
underlying conditions (Table 2).

As assessed by quantitative RT-PCR, patients with ARI gen-
erally had detectable influenza viral RNA from 2 days before
the appearance of clinical symptoms, peaking on day 1 and
subsiding gradually through day 8 after initial symptom onset
(Figure 2). Paucisymptomatic case patients followed a similar
overall pattern of viral RNA detection with a shorter duration,
starting up to 2 days before illness onset, peaking on the day of
onset, and extending to about day 6 after symptom onset. This
shorter observed duration of viral shedding was also consistent

with the faster decline in viral RNA load as measured by RT-PCR
in paucisymptomatic patients compared with those who had
ARI (Figure 3). Because the exact timing of infection could not
be precisely determined for asymptomatic patients, we used the

Proportion of Patients With Any Symptom

— With ARI
--- Paucisymptomatic
0.0 ~ Log-rank P < .01
[ T I I 1
0 2 4 6 8

Time From Symptom Onset to Alleviation, d

Figure 1. Proportion of patients with acute respiratory illness (ARI) (solid line)
and paucisymptomatic patients (dashed line) remaining symptomatic in naturally
acquired influenza virus infections by day since first symptom onset (day 0).
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Table 2. Determinants of Having a Symptomatic Clinical Presentation
(ARI)

Adjusted OR® (95% ClI)

Factor All Data Adults Only
Age group

0-15y 1.00

16-45y 0.71 (0.34-1.51) 1.00

>45y 0.78 (0.29-2.08) 1.10 (0.46-2.64)
Sex

Female 1.00 1.00

Male 1.01 (0.563-1.89) 0.80 (0.37-1.77)
Received influenza vaccine in past 1y

No 1.00 1.00

Yes 1.17 (0.45-3.06) 1.35 (0.42-4.34)
Ever smoker

No 1.00

Yes 2.25 (0.56-8.97)
Underlying medical condition

No 1.00

Yes 1.00 (0.38-2.65)

Abbreviations: ARI, acute respiratory illness; Cl, confidence interval; OR, odds ratio.

?0R for meeting ARI criteria among all study participants with polymerase chain reaction—
confirmed influenza.

interval-censored data on detection of virus by RT-PCR with
respect to when these NTS specimens were collected on days 0,
3, and 6 of the follow-up visit, and we found that the duration
of viral RNA detection was significantly shorter (P < .01) for
paucisymptomatic and asymptomatic patients than for sympto-
matic patients with ARI (Figure 4).

Stratifying by different influenza A viral subtypes, the overall
quantity of viral shedding as reflected by the mean viral load
varied across secondary case patients with different clinical
manifestations. Among patients with seasonal A(H3N2) influ-
enza, mean viral RNA loads were generally similar between
asymptomatic, paucisymptomatic, and ARI patient groups. For
A(HIN1)pdmO09, seasonal A(HIN1) and B virus infections, the
mean levels of viral RNA shedding in the asymptomatic and/or
paucisymptomatic case patients were approximately 1-2 log
copies lower than in symptomatic patients (Table 3).

DISCUSSION

This study provides a detailed description of the epidemio-
logical mechanism and patterns of influenza viral shedding
as assessed by quantitative viral RNA detection in 56 asymp-
tomatic and paucisymptomatic cases of naturally acquired
influenza virus infections, including seasonal and pandemic
influenza, representing 24% of all 235 secondary household
cases we investigated spanning 7 years. The overall asympto-
matic fraction among the cases identified by influenza virus
type was estimated to be 11% (25 of 235), and varied from 6%
to 20% in infections with different influenza A virus subtypes
(Table 1). This is comparable with published estimates of the
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Figure 2. Patterns of viral shedding in naturally acquired influenza virus infec-

tions by day since first symptom onset (day 0) in patients with acute respiratory
iliness (ARI) (upper panel) and paucisymptomatic patients (lower panel). RT-PCR,
reverse-transcription polymerase chain reaction.

asymptomatic fraction among virologically confirmed cases,
and the pooled estimate of 16% in a recent systematic review
[4], but much lower than the 30%-50% used in some modeling
studies [1]. Accurate estimation of the asymptomatic fraction
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Figure 3. Rate of viral load decline as measured by reverse-transcription pol-
ymerase chain reaction (RT-PCR) in paucisymptomatic patients (blue line) and
patients with acute respiratory illness (ARI) (black line).
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Figure 4. Estimated duration of viral shedding from the start of virus shedding

(0 on the x-axis), accounting for interval censoring in the data on detection of virus
by reverse-transcription polymerase chain reaction at 3-day intervals, for patients
with acute respiratory illness (ARI) (solid line), paucisymptomatic patients (dashed
line), and asymptomatic patients (dotted line).

of influenza virus infections is important, because the potential
transmissibility of asymptomatic infections could have implica-
tions for transmission dynamics and control of influenza.

We found that the mean levels of influenza viral RNA shed-
ding in the asymptomatic and/or paucisymptomatic case
patents were approximately 1-2 log  copies lower than in
symptomatic cases for A(HIN1)pdmO09, seasonal A(HINI)
and B virus infections, but similar between the asymptomatic
patients and those with typical ARI symptoms associated with
A(H3N2) virus infections (Table 3). We and others have previ-
ously shown a strong correlation between influenza viral RNA
loads detected by RT-PCR and virus infectivity, as measured
by quantitative viral culture assays [12-14]. Assuming that
the quantity of viral RNA detection is a reasonable proxy for
viral shedding and infectiousness [15], this suggests the poten-
tial for influenza virus transmission from infected persons to
their close contacts even in the absence of clinical symptoms,
although asymptomatically infected persons could play a more
substantial role in the transmission of influenza A(H3N2) virus.
The potential for disease transmission by asymptomatic persons
highlights the inadequacy of preventive measures targeting
only clinically recognizable cases, such as isolating or excluding
patients with symptomatic ARI/ILI from work or school, and
further supports the importance of general preventive meas-
ures, including good general hygiene practices and influenza
vaccination for effective control of epidemics.

For case patients with influenza A(HIN1)pdm09, A(HIN1),
or B, the observation of lower quantities of virus shedding by
asymptomatic than by symptomatic individuals may imply
lower infectiousness in the former. However, it should be noted
that we only studied the pattern of viral RNA shedding in the
current study and not the potential role of other factors related
to symptom variability that may affect disease transmission in

real-life settings These included behavioral variation, such as
work or school absenteeism that may affect close contact with
others in daily activities [16]; differential adoption of preventive
measures, such as face masks and hand hygiene, or treatment
options in relation to symptom occurrence and disease aware-
ness [8, 17]; and the potential contribution of certain symp-
toms (eg, coughing and sneezing) in symptomatic patients to
enhance virus dispersal [18-20].

Although the dynamics of viral shedding patterns over time
has been studied in symptomatic individuals [2], very few stud-
ies have systematically examined viral shedding in persons with
asymptomatic influenza virus infection [7]. The prospective
household transmission study represents an ideal setting to iden-
tify and characterize asymptomatic infections because this study
design allowed both symptoms and influenza viral shedding to be
measured prospectively regardless of symptoms. We were there-
fore able to ascertain asymptomatic infections in exposed house-
hold contacts of all ages, underlying medical conditions, and wide
variety of demographic characteristics [7, 19, 21]. We identified
viral shedding, though lasting for a shorter duration, in patients
with very few or no symptoms. Although secondary cases in a
household setting might not be representative of all influenza
virus infections occurring in other community settings because
of the particular mechanisms of transmission in households [22],
it has been estimated that a large proportion of influenza virus
transmission in the community occurs in the household setting
[23]. Consistently, Loeb et al also reported that the duration of
influenza virus shedding was shorter in asymptomatic cases [7].
The correlation between cross-protective T-cell responses with
lower virus shedding and milder disease reported in a viral chal-
lenge study [24] may be a plausible mechanism for explaining our
observation and warrants further investigation.

It is possible that we may have underestimated the asympto-
matic fraction if some of the symptoms reported by participants
during follow-up (eg, cough, or runny nose) had a cause other
than influenza (eg, poor air quality, cold weather, allergies, or
coinfection with other respiratory viruses). Furthermore, we
have not considered some other less common symptoms, such
as vomiting and diarrhea. On the other hand, examining viro-
logically confirmed infections may bias against the inclusion of
very mild infections associated with low levels of viral shedding
for a short time that nevertheless stimulate an immune response
and provide immunity against reinfection. In an earlier review,
Leung et al [4] did find that serological studies tended to esti-
mate a greater fraction of influenza virus infections that were
reported as asymptomatic, suggesting the presence of a pro-
portion of patients who are infected but not shedding virus, or
shedding at a low level that escaped being picked up by virolog-
ical testing.

The potential contribution of asymptomatically infected per-
sons to influenza virus transmission depends on the proportion
of infected persons who are asymptomatic, the infectiousness
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Table 3. Overall Quantity of Viral Shedding (Mean Viral Load) in Cases Patients With Different Clinical Symptoms, Stratified by Influenza Viral Subtypes

Case Patients with ARI?

Paucisymptomatic Case Patients Asymptomatic Case Patients

Mean Viral Load, Log,,

Mean Viral Load, Log,, Mean Viral Load, Log,,

Influenza Type/Subtype No. Copies/mL No. Copies/mL No. Copies/mL
Pandemic A(HTN1) 24 4.7 7 4.3 2 2.7

Seasonal A(H1N1) 61 5.6 7 6.6 5 4.0
Seasonal A(H3N2) 53 5.5 8 4.9 8 5.5

Seasonal B 31 5.5 8 3.6 10 4.4

Overall 179 5.4 31 4.8 25 4.5
Abbreviation: ARI, acute respiratory illness.

“Including patients with influenzalike illness.

of these asymptomatic cases, and likely host factors as well as Notes

immune factors in their close contacts. The greatest gap in our Acknowledgments. We thank all the physicians, nurses, and staff

knowledge is regarding the relative infectiousness of asympto-
matic cases. The substantial viral RNA detection in asympto-
matic cases in our study supports the need for and importance
of further research in this area. A knowledge of the minimal
infectious dose required for influenza virus infection would
also be important in determining the relative contribution of
asymptomatic cases to the overall transmission of influenza
viruses in households and in the community.

Our study did have some potential limitations. Short and
mild infections could be missed during the gaps between
NTS specimen collections. Recruitment of index case patients
required participants to be present at a healthcare provider,
possibly resulting in a bias towards index patients with more
severe illness and health-seeking behavior. Some primary infec-
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sified as secondary household cases, although our analysis of
genetic sequence data indicated that >95% of subsequent cases
in households in our study were likely to be secondary cases
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Finally, although Tsang et al [15] previously noted that quanti-
tative detection of influenza viral RNA is a reasonable proxy for
infectiousness, detection of viral RNA is not the same as isola-
tion of infectious virus and may not correlate perfectly with an
infected person’s infectivity.

In conclusion, our study demonstrated the presence of viral
shedding in patients with influenza who have very few or no
signs or symptoms, reflecting their potential for transmitting
the virus and infecting others. The similar amount of viral RNA
detection in asymptomatic case patients and patients with typ-
ical ARI symptoms associated with A(H3N2) virus infections
in particular highlights the potential for influenza virus trans-
mission from infected persons, even in the absence of clinical
symptoms. These findings suggest the need for further studies
to investigate and quantify the contribution of persons with
asymptomatic or clinically mild influenza virus infections to
influenza virus transmission.
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