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Background: Year-round transmission of influenza has been detected in Vietnam
through both national surveillance and other epidemiological studies. Understanding
the demographic and clinical features of influenza-like illness (ILI) presenting to primary care in urban Vietnam is vital to understand these transmission dynamics.
Methods: An observational study of patients with ILI in Ho Chi Minh City, Vietnam,
was conducted between August 2013 and November 2015 in a mix of public and
private primary care settings. Molecular testing for influenza A and influenza B and
12 other respiratory viruses was performed.
Results: A total of 1152 ILI patients were recruited. 322 and 136 subjects tested
positive for influenza A and influenza B, respectively. 193 subjects tested positive for
another respiratory virus; most commonly rhinovirus and parainfluenza virus 3.
Influenza was detected in 81% of the 116 study weeks. Three peaks of influenza activity were detected; an H3N2 peak April-June 2014, an influenza B peak July-
December 2014, and a mixed H3N2 and H1N1 peak March-
September 2015.
Subjects recruited from private clinics were more likely to have higher income and to
have reported previous influenza vaccination. Antibiotic use was common (50.3%)
despite limited evidence of bacterial infection.
Conclusion: Influenza in southern Vietnam has complex transmission dynamics including periods of intense influenza activity of alternating types and subtypes.
Broadening surveillance from hospital to the community in tropical settings is feasible and a valuable for improving our understanding of the global spread and evolution of the virus.
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1 | BAC KG RO U N D

were between 10 and 70 years of age, had symptoms for <72 hours
and met the ECDC definition of influenza-like illness.16 One ante-

Influenza viruses circulate globally and seasonal epidemics are

rior nasal swab and one throat swab were collected at recruitment

thought to be associated with 3-
5 million severe clinical infec-

and transported in a single tube of viral transport medium to a

tions and 250 000 to 500 000 deaths each year.1,2 Morbidity and

central laboratory before being stored at −20°C within 24 hours.

mortality are highest at the extremes of age but individuals of all

Clinical characteristics of the initial ILI episode were reported by

ages are affected with repeat infections throughout their lifetime.

subjects to study staff. No inpatient data were collected in the event

In temperate countries, predictable winter epidemics occur, but

of hospitalisation. No additional objective information was available

transmission dynamics in tropical settings are more irregular. For

from the subjects’ usual treating clinician.

many decades, influenza was thought not to be a disease of impor-

This study was approved by the Scientific and Ethical Committee

tance in tropical countries. This has changed considerably in the

of the Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam

last 10 years.3 Research efforts are ongoing to increase knowledge

and by the Liverpool School of Tropical Medicine Research Ethics

and understanding of how tropical transmission influences global

Committee, UK. Letters of agreement supporting the involvement of

influenza transmission. Vietnam, as one of the most populous coun-

the community medical clinics were obtained from the Ho Chi Minh

tries in the tropics, is a potentially globally important site for in-

City Department of Health.

fluenza dynamics, both for its possible contribution to global virus
evolution 4,5 and as a high-risk environment for the emergence of
potentially pandemic strains such as highly pathogenic avian influ-

2.2 | Sample analysis
Samples were stored at −20°C within 24 hours of collection and then

enza subtype H5N1.
Year-
round transmission of influenza has been detected in

stored at −80°C after initial PCR testing. Respiratory samples were

Vietnam through both national surveillance6,7 and phylogenetic

batch tested monthly for influenza A and influenza B using standard

8

analysis. Simultaneous circulation of multiple influenza types and
6,8–11

polymerase chain reaction (PCR) techniques.17 Samples positive

along with patients having

for influenza A were then subtyped as H3N2 or H1N1. Testing

more than one influenza infection in one season.9 Approximately

for twelve other respiratory viruses was performed on samples

15%-20% of patients presenting to hospitals with influenza-like ill-

which tested negative for influenza using an in-
house multiplex

subtypes has been documented

and influenza is

PCR assay which has been described previously.18 The viruses

associated with up to 14% of community-acquired pneumonia pre-

included were adenovirus, bocavirus, coronavirus 1/2, enterovirus,

senting to hospitals.12 However, complementary data on community

metapneumovirus, parainfluenza viruses 1-4, rhinovirus, respiratory

ness (ILI) have virologically confirmed influenza,

6,7

ILI incidence are limited. As national surveillance programmes

6,7

syncytial virus A and B.

have focused largely on hospital sites, estimates from these studies are likely to underestimate true clinical burden and attack rates
in the community. Seasonal influenza vaccine is not currently provided through public health services in Vietnam and there is min13

imal, although increasing, use in the private sector.

The optimal

vaccination strategy for seasonal influenza in Vietnam is still to be
established.14

2.3 | Statistical analyses
The primary outcome was PCR-
confirmed influenza A in nasal/
throat swabs. This included both mono-infections with influenza A
infections and co-infections with influenza B.
Continuous variables that were normally distributed were com-

The objectives of this study were to describe the dynamics and

pared with t test or ANOVA as appropriate. Tukey’s HSD was used for

demographic/clinical characteristics of ILI presenting to primary

post hoc testing following ANOVA where appropriate. Continuous

care services within an urban setting in Vietnam over a 27-month

variables that were non-normally distributed were compared using

period and to estimate the proportion of ILI caused by influenza A

Mann-Whitney or Kruskal-Wallis tests, depending on the number of

and influenza B.

groups. Categorical variables were compared using Fisher’s exact
test, Mann-Whitney or chi-squared tests, as appropriate.

2 | M E TH O DS
2.1 | Summary of design and conduct of the
observational study

Analysis of overall prevalence of influenza as a cause of ILI was
performed on the total study population; weekly prevalence was
also calculated. Weekly influenza transmission intensity was categorised by percentage of ILI subjects testing influenza-positive using
WHO thresholds19 as zero (0%), low (1%-10%), medium (11%-20%),

This observational study was conducted between August 2013

high (21%-30%) and very high (>30%). A peak of influenza activity

and November 2015 at outpatient clinics and community medical

was defined as four or more consecutive weeks where influenza

practitioners in Ho Chi Minh City (HCMC), Vietnam (private clin-

transmission intensity was high or very high. Weeks when no re-

ics were drawn from the an ongoing mHealth surveillance study

cruitment was performed because of clinic closures were excluded

11

). These clinics were considered representative of primary care

from analysis; weeks during which clinics were open but no patients

within Vietnam.15 Individuals were invited to join the study if they

were recruited were included in the analysis. Interactions between

|

TODD et al.

influenza and non-influenza respiratory virus circulation were in-

625

3 | R E S U LT S

vestigated using Pearson’s correlation and cross-correlation with
weekly time lags.

A total of 1152 subjects with influenza-like illness were recruited

Demographic and clinical characteristics were compared be-

between 8 August 2013 and 27 November 2015 (121 weeks). The

tween predefined groups based on influenza infection status. The

majority of patients were recruited from hospital outpatient settings

initial analysis was planned to be performed between three groups:

(836/1152, 72.6%).

influenza A positive, influenza B positive and non-influenza ILI with a
subsequent analysis between influenza A subtypes (H1N1 and H3N2)
if numbers were sufficient. Where appropriate, analysis was strati-

3.1 | ILI dynamics

fied by age. Age was preferentially used as a continuous variable,

About 56.5% of subjects had at least one virus detected by PCR

otherwise age was categorised as per recommendations from the

(n = 651/1152; Table S1). 40.6% of ILI cases had PCR-confirmed influ-

Consortium for the Standardisation of Influenza Seroepidemiology

enza (n = 458/1152; Figure 1). Influenza A was detected in 322 subjects

(CONSISE, 5-9, 10-19, 20-4 4, 45-65, 65+). 20 Comparison between

(27.9%) and influenza B in 136 subjects (11.8%). H3N2 was the com-

subjects recruited at public and private clinics was also performed.

monest circulating influenza A subtype (80.1%, n = 258/322). H1N1

Logistic regression was used to investigate the effect of (1) house-

was detected in 52 subjects (16.1%), and 3.7% of influenza A samples

hold age structure (total number of household contacts, total num-

could not be subtyped. Recruitment was not performed in the 5 weeks

ber of household contacts in each CONSISE age class) and (2) recent

when clinics were closed because of public holidays (study weeks 26,

household ILI on the risk of any influenza (influenza A or influenza B)

27, 81, 82 and 91). Influenza was detected in most weeks when study

compared to non-influenza ILI.

recruitment was performed (81.0%, n = 94/116). Influenza A was de-

Age, gender and household size data were compared to national

tected in 68 study weeks (58.6%, n = 68/116), with H3N2 present more

Vietnamese Census Data21 according to influenza infection status

frequently than H1N1 (62 vs 25 weeks, 53.4% vs 21.5%). Influenza B

and for all study subjects combined. Age and gender comparisons

was detected in 51 of 116 study weeks (43.9%). Three periods of sus-

were also made with Ho Chi Minh City census data. Household size

tained high or very high transmission were identified (Figure 2). An

comparisons were made to Vietnamese National Urban Average

H3N2 peak occurred between 31 March 2014 and 30 June 2014 (study

census data. For each of the infection status groups, the expected

weeks 35-48) which was immediately followed by an influenza B peak

proportion was the census point estimate; 95% binomial confi-

between 07 July 2014 and 22 December 2014 (study weeks 49-73).

dence intervals of the expected proportion were calculated using

Finally, a mixed H1N1 and H3N2 peak in activity was detected between

the number of subjects in that category. Goodness of fit was tested

02 March 2015 and 07 September 2015 (study weeks 83-110).

(χ2) using the census proportions to determine whether study dis-

Of samples which tested negative for influenza, 27.8%

tributions were significantly different from the general Vietnamese

(n = 193/694) tested positive for another respiratory virus (Table

population.

S1 and Figure S1). Rhinovirus and parainfluenza virus 3 (PIV3) were

All statistical analysis was performed using R Statistical Software

the most commonly detected viruses at 8.8% (n = 61/694) and

v3.3.2. 22 Packages used for analysis were ggplot2, gamm4, mgcv,

6.3% (n = 44/694), respectively. Multiple viruses were detected in

Epi, survival and MASS.

2.3% of cases. Rhinovirus was detected in 45 study weeks (38.8%,
n = 45/116) and PIV3 in 36 weeks (31%, n = 36/116; Figure 2). H3N2

F I G U R E 1 Weekly study recruitment timeline by influenza PCR result. Study clinics were closed to recruitment during national public
holidays corresponding to study weeks 26, 27, 81, 82 and 91
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Proportion of ILI caused by PCR-confirmed influenza with Binomial 95% confidence intervals

circulation was correlated with Adenovirus (ρ = .24 (95% CI: 0.07-
0.40)) and PIV3 (ρ = .19; 95% CI: 0.009-0.35) activity; rhinovirus was

3.2 | Age distribution

significantly correlated with influenza B circulation (ρ = .33 [95% CI:

Age of recruited study participants was right skewed with a median

0.17-0.48]). No lagged correlations were identified through cross-

age of 25.8 (IQR 19.2-34.4). Median age of study participants did not

correlation analysis. Results are presented without corrections for

vary by gender (Mann-Whitney, P-value .206) or influenza infection

multiple comparisons, meaning that some of the more borderline

status (Kruskal-Wallis, P-value = .346). With the exception of sub-

trends could be spurious. (eg above uncorrected P-value for H3N2-

jects infected with influenza B, younger individuals were overrep-

PIV3 correlation is P = .04).

resented in our study compared to the general population (Figure 3,

|
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F I G U R E 3 Age and sex distribution by infecting influenza type. Point and lines represent expected percentage for HCMC with binomial
95% CI. Coloured bars show percentages observed in this study. Expected values were limited to age groups included in the study protocol
(10-70 inclusive)

Table S2). The comparison was the same using national Vietnamese

aged 45 years or over (6.3% vs 1.8%, 6/95 vs 17/858; χ2 5.106 P

or HCMC-specific age distribution data (t test, all P values >.4).

value .0238). Current smoking was reported in 14.9% of the study
population, all of whom were male (n = 172/1152). About 36.1%

3.3 | Clinical characteristics
3.3.1 | Past medical history

of males over the age of 20 were current smokers (n = 156/432).
2.8% (n = 36/1152) of the study population reported an indication
for influenza vaccination as defined by WHO; age > 65; PMH of
COPD, congenital heart disease, heart failure, diabetes or asthma;

At baseline, there was no significant difference in relevant

healthcare worker. 2.2% of the study population reported receiv-

past medical history (PMH) of individuals presenting with PCR-

ing vaccination at some point in their life (n = 25/1152), but only

confirmed influenza A, influenza B or non-influenza ILI (Table S3).

one of these had a reported indication. All subjects who reported

Chronic respiratory disease was uncommon in recruited subjects

vaccination had received it after the emergence of the 2009 influ-

(2.4%, n = 23/953) but was reported more frequently in individuals

enza pandemic.
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Clinical symptoms at presentation
Influenza A
n (%)/med (IQR)

Days symptom onset

2 (2-3)

Influenza B
n (%)/med (IQR)
3 (2-3)

Influenza negative
n (%)/med (IQR)

χ2

P value

2 (2-3)

Normal tasks
Yes

318 (98.8)

136 (100)

693 (99.9)

No

4 (1.2)

0 (0)

1 (0.1)

297 (92.2)

118 (86.8)

6.81

.0332

8.122

.0172

5.3837

.0678

35.1785

<.001

24.4923

<.001

1.6946

.4286

0.194

.9075

1.1481

.5632

1.5792

.454

1.3312

.514

0.6743

.7138

11.5506

.0031

4.9518

.0841

Fever
Yes
No
Temp if known

25 (7.8)

18 (13.2)

597 (86)
97 (14)

38.5 (38-39)

38.1 (38-38.8)

38 (37.6-38.7)

Yes

299 (92.9)

117 (86)

631 (90.9)

No

23 (7.1)

19 (14)

63 (9.1)

Yes

278 (86.3)

110 (80.9)

484 (69.7)

No

44 (13.7)

26 (19.1)

210 (30.3)

Yes

307 (95.3)

129 (94.9)

598 (86.2)

No

15 (4.7)

7 (5.1)

96 (13.8)

Yes

287 (89.1)

120 (88.2)

599 (86.3)

No

35 (10.9)

16 (11.8)

95 (13.7)

Yes

292 (90.7)

123 (90.4)

634 (91.4)

No

30 (9.3)

13 (9.6)

60 (8.6)

Headache

Rhinorrhoea

Cough

Sore throat

Myalgia

GI symptoms
Yes

22 (6.8)

13 (9.6)

58 (8.4)

No

300 (93.2)

123 (90.4)

636 (91.6)

Yes

313 (97.2)

129 (94.9)

670 (96.5)

No

9 (2.8)

7 (5.1)

24 (3.5)

Yes

268 (83.2)

119 (87.5)

585 (84.3)

No

54 (16.8)

17 (12.5)

109 (15.7)

Yes

1 (0.3)

1 (0.7)

2 (0.3)

No

321 (99.7)

135 (99.3)

692 (99.7)

Yes

172 (53.4)

90 (66.2)

349 (50.3)

No

150 (46.6)

46 (33.8)

345 (49.7)

Malaise

Paracetamol

Antiviral

Antibacterial

Vitamin
Yes

124 (38.5)

67 (49.3)

277 (39.9)

No

198 (61.5)

69 (50.7)

417 (60.1)

3.3.2 | Clinical symptoms at presentation

with influenza A or those who were influenza negative (ANOVA
F2,1149 = 15.07, P < .001); however, the difference in time to pres-

Most subjects presented on the second or third day of symp-

entation was 0.28 (95% CI 0.14-0.43) of a day (ie approx. 7 hours)

toms (Table 1). Those with influenza B presented later than those

which is not clinically important. All subjects had mild disease, with

|
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<1% of subjects reporting that they could not carry out their normal

rates of influenza positivity in ILI than are generally described

daily activities (n = 5/1152). Rhinorrhoea and cough were reported

globally and fewer periods where no influenza was detected. 24-26

more frequently in those infected with influenza. Antibiotic use

Attack rates measured through clinical settings are vulnerable to

prior to enrolment in the study was common in all groups (53.0%,

differences in healthcare seeking behaviour. 27 Influenza B is typ-

n = 611/1152) but was highest in those with influenza B (66.2%,

ically considered to cause less severe symptoms than influenza A

2

H3N228 meaning that people are admitted less frequently and not

n = 90/136; χ 11.6, P value = .003).

detected through inpatient surveillance systems. This could give an

3.4 | Demographic characteristics

impression of smaller outbreak size despite considerable community transmission. 29-31 Influenza B was found to occur in a similar

The commonest reported occupation was school pupil or student

number of weeks to influenza A H3N2 but almost 100 fewer cases

(26.7%, n = 308/1152) followed by manual labourers (21.4%,

were detected.

n = 247/1152) and shop assistants/traders (14.4%, n = 166/1152;

Intense periods of influenza A transmission were seen in the

Table S4). Subjects recruited from private clinics were significantly

second quarter of both 2014 and 2015 with noticeable increases

more likely to have professional jobs (28.7% (n = 90/316) vs 8.7%

after the lunar new year public holidays. Internationally, there was

(n = 73/836), χ2 72.1 (1), P value < .005). Contact with pigs was

significant antigenic change in influenza A/H3N2 during 2014 and

uncommon but contact with poultry was reported more frequently

2015. This manifested in a mismatch between H3N2 vaccine com-

with 8.8% and 9.3% of subjects reporting weekly contact with live or

ponent and the circulating strain which resulted in reduced vaccine

dead poultry, respectively.

efficacy (<25%) and an increase in severe cases in winter 2014-2015

Median number of household members (including the study

in northern temperate countries.32,33 Both periods of H3N2 activity

subject) was four (IQR 3-5); however, this was heavily right skewed

in this study occurred at the end of the northern temperate influ-

with the largest household having 17 members. Distribution of

enza season. Genome sequencing of viruses collected during this

household size was similar for all infection groups (Kruskal-Wallis P-

study demonstrated modest evolution of H3N2 with most detected

value = .2106) but different to the national urban average with fewer

strains belonging to Texas/50/2012 or Switzerland/2013 antigenic

one-person households in the study and more households with five

groups.34

or more occupants (Table S5). About 8.1% of subjects reported that

Primary care is the setting of choice for influenza surveillance in

at least one member of their household had ILI symptoms in the pre-

temperate countries,35 and this study demonstrates the feasibility of

ceding week (n = 88/1083). There was no difference in the presence

conducting primary care surveillance in a low middle income coun-

of household ILI between influenza-positive and influenza-negative

try across public and private providers. Recruitment at the hospital

groups (Kruskal-Wallis P-value = .91). Overall, 3.4% of household

clinics was limited to daytime hours (8 am and 4 pm), whereas private

contacts were reported to have ILI symptoms (n = 118/3454).

clinics were able to recruit patients in the evening. All clinics had
limited recruitment over the weekend period. These restrictions are
likely to have impacted on the patient group which was recruited.

4 | D I S CU S S I O N

The heterogeneity in subject demographics is important to consider when interpreting healthcare surveillance figures. In systems

Influenza surveillance in Vietnam has previously centred on

where patients have a relative choice regarding healthcare providers

hospitalised patients. This observational study was designed to

(rather than single providers like the NHS in the UK), it is important

investigate the incidence and associated clinical and demographic

to consider alternative sources of surveillance.31,36

features of non-
severe influenza and influenza-
like illness in a

Primary care surveillance relies heavily on syndromic presentations. The ability of current ILI definitions to discriminate between

tropical, urban primary care setting.
Influenza was present for most of the 116 weeks of the study.

influenza and non-influenza causes of upper respiratory tract infec-

However, the same influenza strain did not persist but a mixture

tion in tropical settings has previously been called into question.37

of high-intensity peaks of single subtypes and co-circulation of

The clinics in this study also participated in a trial of mobile phone

types and subtypes at variable intensities occurred. This was con-

reporting of ILI which demonstrated that ILI symptoms are much

sistent with previous national hospital-based surveillance which

more consistent through the year compared to temperate countries

demonstrated asynchronous peaks and co-circulation of different

and that peaks in ILI activity do not always correlate with peaks in

Our surveillance results were also consistent with data

influenza activity.11 The results of our study demonstrated that al-

showing that the northern subtropical regions of Vietnam have a

though fever, cough and rhinorrhoea were reported more commonly

more predictable seasonality than the tropical central and southern

in those who had influenza, such symptoms also occurred in more

regions. 23 Heterogeneity in transmission patterns within tropical

than 70% of patients with non-influenza ILI confirming their poor

strains.

6,8

region is increasingly being recognised.

24

Vietnam has one the lon-

discriminating ability.

gest and lowest “peaks” when considered nationally, and the results

Another impact of the changing economic environment in

of this study suggest that much of this is driven by the transmission

Vietnam is the use of influenza vaccination. There is no public pro-

dynamics in the south of the country. This study reports higher

vision for influenza vaccination in Vietnam, and prior to 2009, the
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use in the general public was very rare with less than 1% of the
13

population reporting previous vaccination.

In the present study,

5% of individuals who presented to private clinics reported receiving vaccination compared to only 1.2% those who attended the
hospital outpatient clinic. However, only a single individual who
reported having received vaccination had a recommended indication. The increase in vaccination rates detected through this study
confirms the importance of defining the appropriate vaccination
strategy for tropical Vietnam. 38 Antibiotic use prior to enrolment
was high in all groups. Antibiotics can easily be purchased in pharmacies across Vietnam without prescription. 39 Most ILI have a
viral aetiology and given the short time before presentation in this
study, it is unlikely that individuals have developed a secondary
bacterial infection; ILI may be a major cause of inappropriate antibiotic use in this setting. Antibiotic resistance in Vietnam is an
issue, as it is globally, education of medical professionals, pharmacists and the public about the appropriate use of antibiotics is
urgently required.40
A number of limitations are present in the study design. By recruiting individuals who attended for clinical review, we will have
missed those with subclinical disease. At the other end of the
clinical spectrum, individuals with severe disease have been excluded. By recruiting from a variety of clinics, we attempted to recruit a representative sample of the HCMC population. Improving
and broadening surveillance from hospital to the community in
tropical settings is important for understanding the global spread
and evolution of the virus. Mild respiratory disease is normally
thought of as a single syndromic entity. Our study shows that this
is an over-simplification and that understanding the interactions
between the different influenza types and subtypes, and other
viral respiratory infections is critical if we are to improve prevention and management strategies for influenza and influenza-like
illness.
Influenza in southern Vietnam has complex transmission dynamics including periods of intense influenza activity of alternating types and subtypes. Broadening surveillance from hospital to
the community in tropical settings is feasible and valuable for improving our understanding of the global spread and evolution of
the virus.
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