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a  b  s  t  r  a  c  t

Background:  Household  studies  provide  opportunities  to understand  influenza-like-illness  (ILI)  transmis-
sion,  but  data  from  (sub)tropical  developing  countries  are  scarce.
Objective:  To  determine  the  viral  etiology  and  epidemiology  of  ILI in  households.
Study design:  ILI was detected  by  active  case  finding  amongst  a  cohort  of  263  northern  Vietnam  households
between  2008  and 2013.  Health  workers  collected  nose  and throat  swabs  for  virus  detection  by  multiplex
real-time  RT-PCR.
Results: ILI  was  detected  at least  once  in 219  (23.7%)  of  945  household  members.  271  (62.3%)  of  435
nose/throat  swabs  were  positive  for at least  one  of  the  15  viruses  tested.  Six  viruses  predominated
amongst  positive  swabs:  Rhinovirus  (28%),  Influenza  virus  (17%),  Coronavirus  (8%),  Enterovirus  (5%),
Respiratory  syncytial  virus  (3%),  Metapneumovirus  virus  (2.5%)  and  Parainfluenza  virus  3  (1.8%).  There
was  no  clear  seasonality,  but 78% of  episodes  occurred  in Winter/Spring  for  Influenza  compared  to  32%
for  Rhinovirus.  Participants,  on  average,  suffered  0.49  ILI,  and  0.29  virus-positive  ILI  episodes,  with  no

significant  effects  of  gender,  age, or household  size.  In contrast  to  US  and  Australian  community  stud-
ies,  the  frequency  of  ILI  decreased  as  the  number  of  household  members  aged  below  5  years  increased
(p  = 0.006).
Conclusion:  The  findings  indicate  the need  for tailored  ILI control strategies,  and  for  better  understanding
of  how  local  childcare  practices  and  seasonality  may  influence  transmission  and  the role  of  children.

© 2016  The  Authors.  Published  by Elsevier  B.V. This  is  an open  access  article  under  the  CC BY  license
. Background
Acute respiratory illnesses (ARIs) are a leading global cause of
orbidity and mortality [1], commonly caused by viruses such

s Influenza (Inf), Rhinoviruses (Rhino) and other Enteroviruses

Abbreviations: ILI, influenza like illness; ARI, acute respiratory illness; Inf,
nfluenza virus; Rhino, rhinoviruses; Entero, enteroviruses; Corona, coronaviruses;
SV,  respiratory syncytial virus; MPV, human metapneumovirus; Boca, bocavirus;
IV, parainfluenza viruses; Adeno, adenoviruses.
∗ Corresponding author at: The Peter Doherty Institute for Infection and Immunity,
he University of Melbourne, Australia.

E-mail addresses: annette.fox@unimelb.edu.au, afox@pacific.net.au (A. Fox).
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386-6532/© 2016 The Authors. Published by Elsevier B.V. This is an open access article u
(http://creativecommons.org/licenses/by/4.0/).

(Entero), Coronaviruses (Corona), Respiratory syncytial virus (RSV),
Human Metapneumovirus (MPV), Parainfluenza virus (PIV) 1–4,
and Adenoviruses (Adeno) [2–5]. Influenza-like-illness (ILI) repre-
sents a subset of ARI patients, being variably defined as fever with
at least one respiratory symptom, usually cough, which are com-
mon  in patients presenting with other viral causes of ARI [3,6,7],
and not specific for influenza [8,9].

Household cohort studies are fundamental for understanding
respiratory virus transmission [10]. There is a wealth of informa-

tion regarding influenza virus transmission in households [11,12],
but relatively few studies characterize non-influenza virus trans-
mission. In 2007, we  established a household cohort in Ha Nam,
northern Vietnam, and have conducted active ILI surveillance to

nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ig. 1. Frequency of ILI and virus-positive ILI according to characteristics of hou
-axis category. Upper and lower dashed horizontal lines indicate averages for all par
re  shown below each category on the x-axis in parentheses.

escribe influenza epidemiology [12–14]. Over 80% of swabs col-
ected have been influenza-negative.

. Objective

To determine the epidemiology and viral etiologies of ILI in Ha
am households, and the effects of household and demographic

actors on transmission.

. Study design

.1. Participants

The Ha Nam cohort was established in December 2007, and
as been described previously [13]. Briefly, 270 households were
elected randomly from a rural commune located 60 km from
anoi, Vietnam. All participants provided written informed con-

ent. Commune health workers visited houses weekly to identify
LI cases, and collected nose and throat swabs within 2 days of onset.
articipants with ILI also self-presented to the commune health ser-
ice. ILI was defined as an oral temperature of at least 38 ◦C together
ith cough or sore throat. The current study assessed ILI occur-

ing between September 2008 and August 2013, but excluded the
ear between September of 2009 and 2010, when protocols were
djusted due to the 2009 H1N1 pandemic. 98 ILI episodes were
etected during this pandemic period and 25% were H1N1 2009
andemic strain positive.

.2. Diagnostic testing

Internal RNA-virus control (equine arteritis virus) was  added
o 200 �l of combined nose and throat swab media, then RNA
as extracted using MagNA Pure 96 Extraction kit (Roche,
ermany). Influenza A/H1N1, A/H3N2 and B viruses were detected
y real-time RT-PCR according to WHO/US CDC protocols, ver-
ion 2007 for seasonal influenza and version 2009 for pandemic
1N1 (http://www.who.int/csr/resources/publications/swineflu/
DCRealtimeRTPCR SwineH1Assay-2009 20090430.pdf).

A four-tube real-time multiplex PCR assay developed by Jansen

nd colleagues was used to detect 12 respiratory viruses: respira-
ory syncytial viruses (RSVs) A/B; Rhinoviruses A-C; Coronaviruses
C43/HKU1 and 229E/NL63; Adenovirus, Parainfluenza viruses
–4; human Metapneumovirus; Enteroviruses; Bocavirus; and
lds and individuals. Results are presented as average episodes/participant in each
nts combined for ILI and virus-positive ILI, respectively. The numbers of participants

Parechoviruses [15]. Limits of detection are between 40 and 50
copies per reaction for each target [15].

3.3. Analysis and statistics

Participants were classified as children and young children if
aged below 15 and 6 years, respectively. Results are presented as
means or proportions with 95% confidence intervals. Poisson log-
linear regression was used to investigate factors associated with
the number of ILI and virus-positive ILI episodes per participant,
including age, gender, household size, and number of children per
household.

4. Results

4.1. Population characteristics

924 participants from 263 households were included in this
analysis after excluding 63 participants who  were absent the
majority of the time, because they were away for work or study,
or had moved out of the commune or died, were excluded. A
further six participants who  had incomplete data were excluded.
None had received influenza vaccine. Four reported having a pre-
existing chronic condition, involving lungs (n = 2), heart (n = 1), or
liver (n = 1). Households had between one and nine inhabitants,
averaging 3.5 (95% CI 3.3–3.7), with 1.1 (1.0–1.2) children, and 0.5
(0.4–0.5) young children (Supplemental Fig. 1a). Numbers of chil-
dren and young children per household increased with household
size, such that average participant age decreased with household
size (Supplementary Fig. 1a). Most households had no children
(n = 102), or two  children (n = 90), giving a bimodal age distribution
(Supplementary Fig. 1b). Females (n = 510, 55.2%) predominated
slightly over males (n = 414, 44.8%).

Panel A shows mean age by household size (circles) with error
bars representing 95% confidence intervals, as well as the numbers
of children per household by household size (stacked bars). The
histograms in panel B show the age and gender distribution of the
924 participants studied.

4.2. ILI and virus-positive ILI detection frequencies
435 ILI episodes were detected in 219 (23.7%) participants. On
average households had 1.6 (1.2–2.1) ILI episodes, but the distri-
bution was  skewed, ranging from 0 to 32, and only 120 (45.6%)

http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
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http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
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http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
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http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
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ig. 2. Respiratory viruses detected in swabs from ILI cases. Panel A shows the fr
ith  others. Numbers above columns indicate the total number of episodes if ther

wab. Numbers detected are indicated next to each virus or combination that was d

ouseholds had ILI (Supplementary Fig. 2a). On average partici-
ants had 0.47 (0.40–0.54) ILI episodes, ranging from 0 to 11 over
7 months (Supplementary Fig. 2b). This equates to 0.12 episode
er person per year 119 participants (13%) had a single ILI episode,
hile 100 (12%) had multiple episodes 271 (62.3%) swabs were

irus-positive, and were from 169 (18.3%) participants from 103
39.2%) households. On average households had 1.0 (0.8–1.3) virus-
ositive ILI episode, ranging from 0 to 19 (Supplementary Fig.
a). 55 households with multiple positive episodes accounted for
2% of virus-positive episodes. On average participants had 0.29
0.24–0.34) virus-positive ILI episodes, ranging from 0 to 6 (Supple-

entary Fig. 2b). 77 participants who had multiple virus-positive
pisodes accounted for 60% of virus-positive ILI episodes.

.3. Relationship between ILI and household and demographics
actors

Average numbers of ILI and virus-positive ILI per participant
ere not detectably associated with household size (Fig. 1a), or
ith the number of children in a household (Fig. 1b). Contrary

o expectations, households with more young children had fewer
pisodes per person of ILI (Odds ratio 0.76, 95%CI 0.62–0.92,

 = 0.006) and virus-positive ILI (p = 0.077) (Fig. 1c). These effects
ere maintained if household size was included in the analysis (ILI

 = 0.038, virus positive ILI p = 0.069), or if analysis was restricted
o households with at least four participants (ILI, p = 0.006; virus
ositive ILI p = 0.016). Average numbers of ILI or virus-positive ILI
pisodes per participant were not detectably associated with age
Fig. 1d). Males and females had similar frequencies of ILI (0.43,
.33–0.54 ILI versus 0.50, 0.39–0.61) and virus-positive ILI (0.27,
.20–0.34 versus 0.31, 0.24–0.38).

The proportion of ILI episodes that were virus-positive was 86%
or young children and declined with age to 58% amongst partici-
ants aged 40–59 years (Fig. 1d).

.4. ILI etiology
A single viral etiology was determined for 247 (91%) of 271
irus-positive swabs (i.e. 56.5% of all swabs). Two  viruses were
etected in 23 swabs, and three viruses in two swabs, totalling 299
cy of detection for each virus, whether detected as a single virus or in combination
e participants who had multiple episodes. Panel B shows the composition of each
ed more than once.

viruses detected. Rhinovirus was detected most frequently (n = 124,
28% of swabs), followed by Influenza virus (n = 72, 17%), Coronavi-
rus (8%), Enterovirus (5%), RSV (3%), MPV  (2.5%) and PIV3 (1.8%)
(Fig. 2a). Remaining viruses were detected in less than 1% of swabs.
Rhinovirus-positive swabs were from 96 (10%) participants from
63 households, representing 43% of participants with ILI. Influenza
virus-positive swabs were from 67 participants from 49 house-
holds, representing 31% of participants with ILI. Influenza virus
B, A/H3N2 and A/H1N1 (four Brisbane/59/2007-like cases, nine-
teen A/Cal/07/2009-like cases) were detected in similar numbers
of swabs (Fig. 2b). Seven swabs tested positive for both Rhinovirus
and Enterovirus, and two swabs each contained Rhinovirus and
Influenza virus B, or MPV  and Bocavirus. All other virus combi-
nations were detected in a single swab (Fig. 2b). Enterovirus was
distinct in that 11 (52%) of 21 positive swabs contained additional
viruses (Fig. 2b).

4.5. Repeated virus detection within individuals and households

Table 1 ranks common viruses according to the propor-
tions of affected participants and households that had multiple
infections. Rhinoviruses ranked high compared to Coronaviruses.
Enteroviruses affected four individuals multiple times but rarely
affected other household members, whereas multiple mem-
bers were affected in a quarter to a third of households with
Influenza, RSV or MPV. To investigate whether clustering of these
viruses reflects household transmission, episodes were classified
as being temporally related if detection intervals were between
1 and 10 days [16]. Twenty-four temporally related clusters were
detected in 19 households (Table 2). Ten Rhinovirus clusters were
detected in nine households, accounting for 45% of 20 households
with multiple Rhinovirus cases. Influenza cases were temporally
related in seven households, accounting for 58% of households with
multiple cases. RSV cases were temporally related in all households
with multiple cases. The estimated household risk of transmission
ranged from 7.7% for Coronavirus and Enterovirus, to 33% for RSV

(Table 1).

Five of seven Influenza virus household index cases (i.e. the first
case detected in a group of related cases) were mothers, and subse-
quent cases were children of these mothers. In contrast, Rhinovirus
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Table  1
Repeated virus detection in individuals and households.

n (% of positive individuals/households)

individuals with >1 episode households with >1 positive participant households with transmission detected
Rhino  22 (23) 20 (32) 9 (14 a)
Entero 4 (29) 1 (7.7) 1 (7.7 a)
MPV  1 (10) 2 (25) 1 (12.5 a)
Influenza 5 (7.4) 12 (24) 7 (14 a)
RSV  0 (0) 3 (33) 3 (33 a)

ccurr

i
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4
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e

T
T

T

Corona 2 (6.4) 3 (11.5) 

a household risk of transmission = number of households in which transmission o

ndex cases were a mixture of children and adults, and males and
emales.

.6. Virus etiology and age

The relative contribution of the six most common viruses to ILI in
ifferent age groups is presented in Fig. 3. Rhinoviruses accounted
or the highest proportion of ILI across age groups, whereas Coron-
viruses were relatively common amongst participants aged over
0 years, and average ages were 33 (CI 30–37) versus 42 (35–50)
ears, respectively. Influenza virus accounted for 24% (CI 17–31%) of
LI in participants aged below 18 years compared to 13% (CI 9–17%)
n older participants; largely because Influenza virus B and A/H1N1
redominated in younger age groups (Fig. 3, inset). MPV  accounted
or 10% of ILI in 6–12 year olds (CI 2–18%), higher than for other age
roups. Enteroviruses appeared to be relatively common in young
hildren, but there were only 16 ILI episodes in young child, and
ll/three Enterovirus episodes involved one 2-year old child.
.7. Seasonality

ILI was not clearly seasonal (Fig. 4a). Substantially more ILI
pisodes were detected in 2012 compared to previous years,

able 2
emporal clustering of virus detection in households.

House Position in family, age (years) of each case 

index/first second t

1 wife, 63 husband, 65 

2 b father, 49 son, 26 m

3  mother, 34 son, 11 s
4  mother, 40 daughter, 6 

5  mother, 46 son, 17 

6  wife, 39 husband, 49 

7  son, 18 father, 44 

8  mother, 36 son, 3 

9  mother, 39 son, 11 

10  son, 6 daughter, 12 

11  daughter-in-law, 21 daughter, 12 

2 b daughter-in-law, 21 son, 26 

12 b father, 43 sister, 28 

13  daughter, 16 mother, 34 

14 b son, 8 mother, 46 

14 b father, 46 son, 7 

15 b granddaughter, 13 granddaughter, 10 

16  daughter, 13 mother, 38 

17  daughter, 44 mother, 79 

18  husband, 66 wife, 65 

12 b daughter, 14 mother, 43 

2 b mother, 49 son, 27 d
15 b granddaughter, 13 granddaughter, 10 

19  grandson, 2 grandmother, 49 

he table shows members of households who developed symptoms with the same virus 

a days between ILI onset in the first case and each subsequent case in the household.
b households with multiple clusters.
2 (7.7 a)

ed/number of households with a case.

reflecting increased Rhinovirus episodes (Fig. 4a & b). Rhi-
noviruses were detected in all years and seasons. Influenza
viruses and Coronaviruses were detected in 13 and 12 of the
16 seasons assessed, respectively. Nevertheless, 78% of Influenza
virus episodes occurred in Winter/Spring compared to only 32%
of Rhinovirus episodes, which predominantly occurred in Sum-
mer/Autumn (Table 3). A Winter/Spring bias was particularly
evident for Influenza A/H1N1 and B (Table 3). A similar trend
occurred for MPV, whereas RSV ILI cases occurred primarily in the
Autumn and Winter.

5. Discussion

Viral etiologies of ILI in households in northern Vietnam were
similar to those for other recent household or community based
studies of ILI or ARI, despite differences in case definition [2–4].
Supplementary Table 1 shows a comparison of study designs and
findings. However, key epidemiological differences indicate that
the factors driving transmission in this subtropical, lower middle-

income setting are distinct, and that tailored control measures are
needed.

Around two  thirds of ILI case swabs were positive for res-
piratory viruses, this proportion exceeded 70% for children, and

Intervala Virus

hird fourth days

1 Corona
other, 48 4,5 Corona

on, 8 1,1 Inf A/H1
3 Inf A/H1
9 Inf A/H1
1 Inf A/H3
2 Inf A/H3
1 Inf B
3 Inf B

3 MPV
1 Rhino
1 Rhino
9 Rhino
2 Rhino
1 Rhino
2 Rhino
5 Rhino
6 Rhino
8 Rhino
9 Rhino

1 Entero

aughter, 28 father, 50 2,7,14 RSV
8 RSV
10 RSV

within 10 days of another household member.
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Table 3
Virus detection over four years by season.

n (%) of episodes for each virus

Rhino A/H1N1 A/H3N2 Inf B Corona Entero RSV MPV

Summer 41 (33.1) 0 3 (12.0) 2 (7.4) 16 (48.5) 6 (28.6) 2 (14.3) 0
(14.8)
(18.5)

 (59.3

d
w
w
n
s
a
w
e
a
[
e
n
I
p
i
t
t
t
g
a
a
a
i
i
o
o
i

F
c
b

Autumn 43 (34.7) 0 7 (28.0) 4 

Winter 13 (10.5) 9 (47.4) 8 (32.0) 5 

Spring  27 (21.8) 10 (52.6) 7 (28.0) 16

ecreased with age, similar to other studies [2,4,17–20]. Rhinovirus
as detected in around half of the virus-positive ILI episodes, and
as the most common virus, followed by Influenza virus or Coro-
avirus, RSV, MPV  and PIV3, as in the recent Michigan household
tudy [4]. Similarly, half of the virus-positive ILI cases detected
mongst adults in the community in Australia were Rhinoviruses,
ith Influenza and Coronaviruses the next most common [3]. Inter-

stingly, Rhinoviruses also predominated in ILI patients of all ages
dmitted to hospitals in Vietnam between July 2008 and June 2009
20]. We  did not have sufficient numbers to reliably describe the
tiology of ILI in young children, other than to conclude that Rhi-
oviruses predominated, consistent with studies elsewhere [2].

nfluenza virus accounted for a higher proportion of ILI amongst
articipants of the current study (17%), who have never received

nfluenza vaccine, compared to studies in which more that half of
he participants have been vaccinated (∼11%) [3,4]. Furthermore, in
he study of Howard et al., individual with influenza were less likely
o have been vaccinated compared to the influenza virus negative
roup [3]. MPV  was less common than in the Michigan study [4],
nd in community studies involving children [2] but not adults [3],
nd we and others found that MPV  was more common in children
ged 6–12 years [21], suggesting an effect of the type of household
ncluded and their age structures. Similarly, RSV detection was  low
n the current study compared to studies with higher proportions

f young children [2,4]. The detection of influenza virus in only 17%
f ILI episodes, and the absence of seasonal trends for influenza,
ndicate that ILI surveillance may  be of limited value for under-

ig. 3. Viruses detected in swabs by age category. The proportion of swabs collected f
ommonly detected viruses are shown. Dashed horizontal lines indicate the proportions
ar  and denominators are shown in the legend. The inset shows the proportions that wer
 4 (12.1) 10 (47.6) 7 (50.0) 0
 8 (24.2) 0 (0) 4 (28.6) 1 (8.3)
) 5 (15.2) 5 (23.8) 1 (7.1) 11 (91.7)

standing influenza epidemiology if not combined with laboratory
confirmation, in agreement with other studies [6,7,19].

Children did not contribute substantially to ILI burden or
transmission in this study. In contrast, young children experi-
enced significantly more ARI episodes than older age groups, and
people from households with young children also experienced sig-
nificantly more ARI episodes in the recent Michigan study [4].
Similarly, a study of adult index case households in Australia found
significantly more ILI transmission if a child was present [22], and
children were considered to be the main driving force for ARI trans-
mission in the 1960/70s Tecumseh study [23]. It follows that if
ILI predominates in children, they will frequently be involved in
household transmission, either as index or contact cases. Differ-
ences in observations for children could reflect study design: the
Michigan study only recruited households with at least four partic-
ipants, and at least two  children, and the case definition included
milder illness. However, effects were maintained when analysis
was restricted to households with at least four participants. In our
previous analysis we  found that influenza infection was not associ-
ated with the presence of children in the household or with caring
for children if an adult [13]. Therefore differences in the role of chil-
dren in household ILI may  reflect differences in factors affecting
transmission such as seasonality, contact patterns [24] and child-
care practices. Childcare centre attendance significantly increased

the rate of ILI, by 40%, amongst children in Australian commu-
nities [2]. School-based transmission may  also be less intense in
(sub)tropical settings because virus circulation is more constant,
rather than seasonal, potentially reducing the pool of susceptible

rom each age group (see legend within the figure) that were positive for the most
 of all swabs that were positive for each virus. Numerators are shown below each
e positive for each influenza subtype.
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Fig. 4. Distribution of ILI episodes by year and season. The y-axis represents values
for  lines in both panels whereas the opposite axis in panel A represents values for
t
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metapneumovirus, human coronavirus NL63, and other respiratory viruses in
he  stacked bars indicating influenza subtypes. The break in the x-axis indicates the
1N1 pandemic period that was excluded from this analysis.

hildren [13]. A study of age-specific seasonality for Influenza and
SV in Hong Kong similarly concluded that none of the age groups
onsistently appear as the driving force for seasonal epidemics [25].
chool closure has been adopted as an ILI control strategy based on
tudies that indicate that children are a major driving force for ILI
ransmission [26]. A statistical model using sentinel surveillance
ata from France also indicates that in this setting, where ILI pre-
ominates in children, 16–17% of cases may  be prevented by school
losure. The data presented in the current study indicate that school
losure may  have limited effect in this setting.

Several viruses were detected in sufficient numbers to investi-
ate their epidemiology. Rhinovirus characteristics, including high
ase numbers, broad age range and distribution of family members
ho were index cases, propensity to transmit within households,

nd year-round detection, correspond with high infectiousness
nd extensive genetic diversity [27]. Influenza viruses have less
xtensive genetic diversity, but age-associations were consistent
ith greater antigenic drift for A/H3N2 compared to A/H1N1 and

 [11,13,28,29]. RSV exhibited high household transmission, but
verall detection was low, consistent with reports that virtually all
xposed, non-immunes will become infected, and with the small
ize of the most susceptible, early childhood age group [30]. Some
ouseholds appeared to be particularly susceptible to Rhinovirus,

nfluenza virus or MPV  because multiple members were affected,
ut episodes were not temporally related. Similarly, some individ-
als experienced repeated ILI and virus-positive ILI, suggestive of
nherent susceptibility.
A limitation of this study is that virus detection by RT-PCR

oes not prove that the virus caused ILI. Rhinovirus and Bocavirus
al Virology 82 (2016) 126–132 131

are often detected in swabs from asymptomatic people, whereas
Coronavirus, MPV  and Influenza viruses are mainly detected from
symptomatic people [5]. RSV is mainly associated with symptoms
in young children but not older children or adults [5]. Our ability
to understand the dynamics of respiratory infections in households
is also limited by restricting investigation to participants with ILI
symptoms, and thus we were unable to assess the contribution
of milder and asymptomatic infections to household transmission
dynamics. However, viral etiologies were similar to studies that
used different ARI or ILI definitions.

In summary, comparison with studies in developed countries
indicates that the etiology of ILI in this subtropical, lower middle-
income setting is similar despite differences in seasonality and
climate as well as cultural and economic differences. However, the
current study did not indicate a predominance of illness among
young children or an impact of the presence of young children
within households. Therefore, the strategy of targeting interven-
tions to children needs further consideration, and understanding
of effects of seasonality, childcare utilization, household structure
and contact patterns.
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