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Background Longitudinal data are limited about the circulating
strains of influenza viruses and their public health impact in
Indonesia. We conducted influenza surveillance among
outpatients and hospitalized patients with influenza-like illness
(ILI) across the Indonesian archipelago from 2003 through 2007.

Methodology Demographic, clinical data, and respiratory
specimens were collected for 4236 ILI patients tested for influenza
virus infection by RT-PCR and viral culture.

Principal Findings Influenza A and B viruses co-circulated year-
round with seasonal peaks in influenza A virus activity during the
rainy season (December—January). During 2003-2007, influenza
viruses were identified in 20-1% (4236/21 030) of ILI patients,
including 20-1% (4015/20 012) of outpatients, and 21-7%
(221/1018) of inpatients. One H5N1 case was identified
retrospectively in an outpatient with ILIL. Antigenic drift in

circulating influenza A and B virus strains was detected during the
surveillance period in Indonesia. In a few instances, antigenically
drifted viruses similar to the World Health Organization (WHO)
vaccine strains were detected earlier than the date of their
designation by WHO.

Conclusions Influenza A and B virus infections are an important
cause of influenza-like illness among outpatients and hospitalized
patients in Indonesia. While year-round circulation of influenza
viruses occurs, prevention and control strategies should be focused
upon the seasonal peak during rainy season months. Ongoing
virologic surveillance and influenza disease burden studies in
Indonesia are important priorities to better understand the public
health impact of influenza in South-East Asia and the implications
of influenza viral evolution and global spread.
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Introduction

While the disease burden and seasonality of influenza virus
activity in temperate regions of the Northern and Southern
Hemispheres have been well characterized with clear peaks
during winter months,"” such data are limited for develop-
ing countries with tropical and subtropical climates.’
Recent studies suggest that South-East Asia is an important
region in the global ecology and evolution of influenza
viruses.»”> The ongoing epizootic of highly pathogenic avian
influenza A (H5N1) virus among poultry with sporadic
transmission to humans further highlights the importance
of influenza virus surveillance and response measures in
South-East Asia.*’

In tropical and subtropical developing countries, influ-
enza is often under-diagnosed and the disease burden and

clinical severity are under-estimated.” However, recent
studies have revealed that influenza virus infections in trop-
ical climate countries, including in South-East Asia, cause
similar severity and disease burden as in temperate coun-
tries.>® Beginning in 2003, a widespread, ongoing epizootic
of highly pathogenic avian influenza A (H5N1) virus has
impacted poultry in Indonesia. First detected in 2005, spo-
radic H5N1 virus transmission to humans has resulted in
high mortality.” Since H5N1 virus infection can also cause
severe influenza-like illness (ILI) among exposed persons,
virologic surveillance is needed to understand the relative
impact of H5NI1 virus and seasonal influenza A and B
viruses among persons with ILI in Indonesia.

Influenza surveillance was implemented among outpa-
tients at six sentinel sites in three districts in Java, Indone-
sia between September 1999 and January 2003.'° In this
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report, we describe the findings of expanded influenza sur-
veillance at additional sites across the Indonesian archipel-
ago, including among hospitalized patients, during 2003—
2007.

Methods

Surveillance sites

We conducted surveillance for influenza-like illness (ILI)
among patients seeking care at primary health centers (out-
patients) and hospitals (outpatients and inpatients) across
Indonesia during January 2003 to December 2007. The
number of participating facilities expanded from five senti-
nel sites in five districts in 2003-22 sites in 18 districts in
2004-2005 and 48 sites (28 outpatient sites at primary
health care centers and hospitals, and 20 inpatient sites) in
26 districts in 20062007, covering 22 of 33 Indonesian
provinces (Figure 1).

Surveillance methods

Patients’ enrollment and specimen collection

We enrolled patients who presented at primary health cen-
ters (outpatients) and hospitals (outpatients and inpatients)
who met the inclusion criteria of ILI, defined as a mea-
sured axillary temperature of >37-8°C or history of fever-
ishness, and either cough or sore throat without any other
diagnosis. Among patients meeting the ILI case definition,
a convenience sample of up to 20 ILI cases per week was
enrolled. Clinicians or trained nurses obtained demo-
graphic data and clinical symptoms, performed physical
examinations, and collected nasal and throat swabs from
enrolled ILI cases. Swab specimens were placed into sterile
Hanks’ balanced salt solution (HBSS) viral transport media
(VIM) that contained gelatin, 100 U/ml penicillin,
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100 ug/ml streptomycin, and 25 U/ml mycostatin. Speci-
mens were refrigerated (4°C) and shipped weekly to labora-
tories in Jakarta for testing. Specimens from suspected
H5N1 patients were shipped to laboratories in Jakarta
within 24 hours of collection for urgent H5 testing.®

Laboratory evaluation

From 2003 to September 2005, all respiratory specimens
were tested for influenza viral RNA by conventional
reverse transcription polymerase chain reaction (RT-PCR)
assay. The QIAamp Viral RNA kit (QIAGEN, Valencia,
CA, USA) was used to extract viral RNA from prepared
samples. Samples were assayed using multiplex nested
reverse transcription RT-PCR (MnRT-PCR) to detect
human influenza viral RNA. In the MnRT-PCR, viral
RNA was amplified utilizing cocktails of oligonucleotide
primers'' directed collectively against the matrix protein
(MP), hemagglutinin (HA), and neuraminidase (NA)
genes for influenza A (HIN1) and A (H3N2) viruses, and
the MP and HA genes for influenza B virus. Primers tar-
geting H5 were not included in the nested MnRT-PCR.
Amplicons were separated by electrophoresis on 2% aga-
rose gel containing ethidium bromide for virus type and
sub-type identification. Positive specimens were inoculated
into Madin—-Darby canine kidney (MDCK) tissue cells for
viral isolation.

Beginning in October 2005, all specimens were first
screened for influenza A (H5) viral RNA using real-time
RT-PCR (rRT-PCR) as described below. Negative H5 speci-
mens were tested for influenza A (HIN1) (H3N2) and
influenza B viral RNA using conventional RT-PCR as
described above. Specimens testing positive for seasonal
influenza A or B viruses were placed into MDCK tissue
cells for viral isolation. Virus isolates were characterized by
hemagglutination inhibition (HAI) assay as previously
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described.'” All influenza virus testing was performed at
the National Institute of Health Research and Develop-
ment, Ministry of Health (NIHRD, MoH), Indonesia, and
U.S. Naval Medical Research Unit #2 (NAMRU#2), Jakarta,
utilizing the same standard operating procedures. A conve-
nience sample of approximately 45% of isolates was sent
for confirmation and antigenic characterization at the
World Health Organization Influenza Collaborating Center
(WHO-CC) at the U.S. Centers for Disease Control
and Prevention (CDC), Atlanta, Georgia, periodically until
mid-2006.

rRT-PCR assay

Starting in October 2005, all specimens were first screened
for H5 by rRT-PCR. Ribonucleic acid (RNA) was extracted
from nasal and throat swabs using QIAamp viral RNAmini
kits (QIAGEN, Hilden, Germany) following the manufac-
turer’s instruction and stored at —70°C. For detection of A
(H5) viral RNA, rRT-PCR was initially conducted using an
HS5 primer set,"” and then later in 2006, using primers and
probes designed by the CDC to specifically recognize the
subclade 2-1 viruses circulating among poultry with spo-
radic transmission to humans in Indonesia. One-step rRT-
PCR was performed in a final volume of 25 ul containing
5 ul of extracted RNA, 12'5 ul of buffer mix and 0-5 ul
Superscript III/Platinum Taq-Enzyme mix, 20 unit of
RNase-out (Invitrogen, Carlsbad, CA, USA), 0-8 um for
each primer, and 0-2 um of each probe. H5 ¢cDNA positive
controls were provided by the CDC and used to quantify
each rRT-PCR assay. An ABI 7900 real-time thermocycler
was used for all rRT-PCR reactions. The thermocycling
parameters for all targets consisted of 50°C for 30 minutes,
95°C for 2 minutes, and 45 cycles with 95°C for 15 sec-
onds, 55°C for 30 seconds.

Virus culture, isolation, and identification

For virus culture, a 0-2-ml aliquot of each specimen was
inoculated onto MDCK cells that had been prepared in
sterile 24-well plates, and resulting viruses were reacted
with type-specific monoclonal antibodies as previously
described.' To identify the strains, HAI assay was per-
formed using turkey red blood cells. All isolates were tested
against standard reference antisera, which were regularly
updated by the CDC.

Data storage and analysis

Questionnaires consisting of demographic, epidemiology,
and clinical data, along with laboratory data (RT-PCR and
virus isolation results) and available climate data (rainfall,
temperature, and relative humidity provided by the
Climatology, Meteorology, and Geophysics Agency, Jakarta,
Indonesia) from 18 districts were entered into an Access
(Microsoft, Bellevue, WA, USA) database. Data were ana-

lyzed using Stata software (Stata Corporation, College
Station, TX, USA). Chi-squared test was used for compari-
son between two proportions of categorical data. Non-
parametric tests were used to assess the correlation between
numerical and proportional data.

Human subjects approval
The protocol was approved by the ethical research commit-
tees at NIHRD and NAMRU# 2 (DoD protocol 1999-30849).

Results

During the 5-year surveillance period, a total of 21 030
participants, including outpatients (n = 20 012) and inpa-
tients (n = 1018), who presented to surveillance sites with
ILI were enrolled. The median age of participants was
17 years (mean age, 21-1 years; range, 1 month to
90 years). Among all participants, 1851 (8:9%) were aged
<2 years, 2936 (14:1%) were 2—4 years, 4435 (21:3%) were
5-12 years, 1220 (59%) were 13-17 years, 8589 (41:3%)
were 18-49 years, 1413 (6:8%) were 50-64 years, and 359
(1-7%) were 65 years and older (Table 1).

Overall, 20-1% (4236/21 030) of ILI cases throughout the
study period tested positive for influenza viruses. The pro-
portion of ILI cases that tested positive for influenza viruses
by age-group was highest in school-aged children (Table 1).
The percentages of outpatients (20-1%) and inpatients
(21-7%) testing positive for influenza viruses were similar.
The proportion of seasonal influenza-associated pneumonia,
diagnosed by clinicians based on clinical manifestations
and chest radiography results, among hospitalized ILI cases
sampled was 18% (23/128). Among all ILI cases that tested
positive for influenza viruses, influenza A virus and influ-
enza B virus were identified in 64:9% (2749) and 351%
(1487) of cases, respectively. Among the influenza A
viruses that were subtyped (n = 2314 viruses), 64:6% were
identified as H3N2, 34:9% as HIN1, and 0-4% as H5NI.

The proportion of ILI cases that tested positive for influ-
enza viruses per year was generally consistent throughout
the study period and varied from 187% (in 2003) to
23-8% (in 2004). However, the proportion of ILI cases that
tested positive for influenza viruses varied considerably
across island sites, ranging from Bali (14:2%) and Timor
(15:3%) to Papua (25:9%) and Maluku (26:6%). Across the
surveillance sites, influenza viruses were detected year-
round. The distribution of influenza virus types and influ-
enza A virus subtypes varied temporally (Table 2).

All influenza viral isolates (n = 1264) were first charac-
terized at NAMRU#2 and then a subset (n = 473 isolates
from 2003 to mid-2006) was further characterized at CDC.
In 2003, surveillance was conducted in five sites, and 111
influenza virus infections were identified; influenza A
(H3N2) viruses predominated, followed by influenza B and
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Table 1. Distribution of influenza specimens testing positive by RT-PCR (by type and influenza A subtype) by age groups, clinical setting, and

location. 2003-2007

Influenza A not

further
Total ILI sub typed H1N1 H3N2 H5N1 B Total
patients % % % % % %

Factor tested  positive positive Positive positive Positive positive Positive positive Positive positive Positive positive
Age, years

0-1 1851 50 2.7 24 1.3 47 2.5 0 0 56 3 177 9.6

2-4 2936 64 2.2 122 4.2 154 52 0 0 166 5.7 506 17.2

5-12 4435 110 2.5 228 5.1 278 6.3 2 0.05 499 11.3 1117 252

13-17 1220 32 2.6 52 4.3 102 8.4 2 0.2 125 10.2 313 25.7

18-49 8589 148 1.7 334 3.9 768 89 6 0.1 561 6.5 1817 21.2

50-64 1413 20 1.4 35 2.5 101 7.1 0 0 53 3.8 209 14.8

>65 359 4 1.1 4 1.1 20 5.6 0 0 16 4.5 44 12.3
Clinical setting

Inpatient 1018 3 0.3 49 4.8 86 8.4 9 0.9 74 7.3 221 21.7

Outpatient 20 012 432 2.2 759 3.8 1410 7.0 1 0.004 1413 7.1 4015 20.1
Sumatra 2456 59 2.4 132 5.4 167 6.8 1 0.04 188 7.6 547 22.3
Jawa 10 481 253 2.4 388 3.7 747 71 7 0.1 639 6.1 2034 19.4
Bali 1202 0 0 23 1.9 51 4.2 1 0.1 96 8.0 171 14.2
Lombok 849 1 0.1 28 3.3 101 11.9 0 0 71 8.4 201 23.7
Kalimantan 1392 40 2.9 43 3.1 81 5.8 0 0 130 9.3 294 211
Sulawesi 1768 77 4.4 43 2.4 89 5.0 1 0.1 116 6.6 326 18.4
Timor 816 1 0.1 36 4.4 52 6.4 0 0 36 4.4 125 15.3
Maluku 443 0 0 19 4.3 56 12.6 0 0 43 9.7 118 26.6
Papua 1623 4 0.2 96 5.9 152 9.4 0 0 168 10.4 420 25.9
Total 21030 435 2.1 808 3.8 1496 7.1 10 0.05 1487 7.1 4236 20.1

A (HIN1) viruses. The most frequent strains identified
were A/Fujian/411/2002-like  H3N2, B/Hongkong/330/
2001-like (B/Victoria/2/87 lineage, 2002-2003 Northern
and 2003 Southern Hemisphere vaccine strain), and A/New
Caledonia/20/99-like  HIN1 (2002-2003 Northern and
2003 Southern Hemisphere vaccine strain) viruses. The
number of surveillance sites expanded during 2004-2007.
In 2004, A (H3N2) viruses also predominated, with A/Cali-
fornia/7/2004-like  H3N2, B/Sichuan/379/99-like, and
A/New Caledonia/20/99-like HIN1 (2003-2004 Northern
and 2004 Southern Hemisphere vaccine strain) viruses the
most frequently detected strains. In 2005, influenza B
viruses of the B/Victoria/2/87 lineage predominated and
most viruses were related antigenically to the reference
strain B/Ohio/05/2005. The frequency of circulating A
(H3N2) viruses was slightly less than influenza B viruses
and most were identified as A/California/7,/2004-like.
Influenza A (HIN1) viruses were detected at low frequency
and all isolates were A/New Caledonia/20/99-like (2004—
2005 Northern and 2005 Southern Hemisphere vaccine

strain). In 2006, influenza A (HIN1), A (H3N2), and type
B viruses were detected at similar frequencies; most HIN1
viruses were related antigenically to A/New Caledo-
nia/20/99-like (2005-2006 Northern and 2006 Southern
Hemisphere vaccine strain); the majority of H3N2 viruses
were related antigenically to the A/California/7/2004
(2005-2006 Northern and 2006 Southern Hemisphere vac-
cine strain); and the majority of influenza B viruses
belonged to the B/Victoria/2/87-lineage and were identi-
fied as B/Malaysia/2506/2004-like. In 2007, influenza A
(H3N2) and B viruses were identified in similar frequen-
cies. The majority of H3N2 viruses were related antigeni-
cally to A/Wisconsin/67/2005 virus (2006-2007 Northern
and 2007 Southern Hemisphere vaccine strain); and the
majority of B viruses were of the B/Victoria-lineage viruses
and related antigenically to B/Malaysia/2506/2004 virus
(20062007 Northern and 2007 Southern Hemisphere vac-
cine strain). Overall, during 2003-2007, influenza A
(H3N2) viruses were isolated less frequently (18:7%) than
A (HIN1) (39:9%) or B (50:5%) viruses.
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Table 2. Influenza virus types and influenza A subtypes detected by year

RT-PCR
% of all
# Influenza Influenza # and (%) of Influenza
Year ILI cases Positive Positives # Isolates Positives with isolates
2003 593 Influenza A
HTN1 10 9.0 7 7/10 (70)
H3N2 75 67.6 34 34/75 (45.3)
Influenza B 26 23.4 9 9/26 (34.6)
Total 111/593 18.7 50 50/111 (45)
2004 1403 Influenza A
HIN1 12 3.6 8 8/12 (66.7)
H3N2 219 65.6 94 94/219 (42.9)
Influenza B 103 30.8 70 70/103 (67.9)
Total 334/1403 23.8 172 172/334 (51.5)
2005 3964 Influenza A
H1N1 59 7.9 22 22/59 (37.3)
H3N2 303 40.5 47 47/303 (15.5)
H5N1 1 0.1
Influenza B 336 51.5 233 233/386 (60.4)
Total 749/3964 18.9 302 302/748 (40.4)*
2006 6926 Influenza A
A Not further tested 108 8.6
HTN1 422 33.5 196 196/422 (46.4)
H3N2 343 27.2 54 54,343 (15.7)
H5N1 3 0.2
Influenza B 384 30.5 167 167/326 (51.2)**
Total 1260/6926 18.2 417 417/1091 (38.2)*
2007 8144 Influenza A
A Not further tested 327 18.4
HTN1 305 17.1 89 89/305 (29.2)
H3N2 556 31.2 51 51/556 (9.2)
H5N1 6 0.3
Influenza B 538 329 183 183/470 (38.9)**
Total 1782/8144 21.9 323 323/1331 (24.3)*

*Excludes H5N1 viruses and specimens not further tested.

**Denominator differs from all influenza B virus positive specimens detected by RT-PCR.

Influenza A (H5N1) virus infection was identified in one
outpatient and nine inpatients from six surveillance sites
(five cases from Tangerang, and one each from Bali, Padang,
Jakarta, Makassar, and Yogyakarta). Initial diagnoses in these
cases included severe bronchopneumonia, dengue, or
typhoid fever. All nine confirmed H5N1 hospitalized cases
presented with severe illness late in the clinical course,
received late oseltamivir treatment, and all died. One H5N1
case presented with ILI to a hospital outpatient surveillance
site, was not suspected with H5N1 at clinical presentation,
was neither treated nor hospitalized, and subsequently died.
H5N1 virus infection was retrospectively confirmed from a
respiratory specimen collected through ILI surveillance.
These 10 cases represented 8:5% of all confirmed H5N1 cases
(n = 117) identified in Indonesia between 2005 and 2007.

Influenza virus detection by RT-PCR and subsequent
viral isolation were higher in ILI patients presenting with a
measured temperature of >37-8°C (22:6% and 447%,
respectively) compared to those with a history of feverish-
ness, but without a documented fever at presentation
(17-4% and 38:3%). Among 4236 patients who tested posi-
tive by RT-PCR, 62:5% were positive in both nasal and
throat swab specimens, compared to 19:6% of nasal swabs
only, and 16:9% of throat swabs alone. Nasal swabs yielded
slightly higher isolation of influenza viruses compared to
throat swabs [1225/3043 (40-3%) versus 1155/3054
(37-8%), P = 0-04, chi-squared test].

Figure 2 shows the monthly proportion of influenza-
positive ILI cases identified by RT-PCR. Seasonal peaks in
influenza A virus activity, especially with H3N2 virus
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strains, were observed during December and January, fol-
lowed by increases in influenza B virus activity during
March to May. The seasonality of influenza A virus was
largely consistent across all nine islands although some had
increased activity during May and July (Sumatra, Maluku,
and Papua). Two eastern provinces of Indonesia appeared
to have a bimodal peak in influenza activity during
December-January and June-July although data were lim-
ited (data not shown). We observed a high correlation
between the mean proportion of influenza A positives
among ILI cases and mean precipitation from 18 districts
(Figure 3; r = 0-87). When assessed per district, influenza A
virus activity appeared to correlate well with rainfall in 10
districts (in one district, r > 0-8; in nine districts, r = 0-6—

0-8); poor-to-moderate correlation was observed in other
districts (in one district, r = 0-4-0-6; in two districts,
r = 0-2-0-4; in three districts, r = 0-0-2; and in two dis-
tricts, r = —0-01 to —0-2.) The last five districts are located
in Kalimantan and two eastern islands of Indonesia (Mal-
uku and Papua). Influenza A virus activity did not appear
to correlate with mean monthly temperature or relative
humidity (data not shown). Influenza B virus activity did
not appear to be correlated with mean monthly tempera-
ture, mean monthly rainfall, or monthly relative humidity
for any sites (data not shown).

Retrospective analysis identified a small number of
influenza A viruses that were isolated from respiratory

specimens collected through surveillance in Indonesia
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Table 3. Detection of Influenza A Virus Strains in Indonesia and Temporal Relationship to Global Detection of WHO Designated influenza A

Vaccine Virus Strains, 2003-2007

Influenza Month, year selected Date of collection of Date of collection Indonesia

vaccine as WHO vaccine influenza vaccine of Indonesia virus Antigenic

strain strain virus virus name characterization*

A/California/07/2004  February 2005 Sept 16, 2004 Sept 16, 2004 Indonesia/1857/2004 A/Califomia/07/2004
(H3N2) (H3N2)-like

A/Wisconsin/67/2005  February 2006 Aug 31, 2005 Feb 18, 2005 Indonesia/1711/2005  A/Wisconsin/67/2005
(H3N2)-like (H3N2)-like

A/Solomon February 2007 Aug 21, 2006 March 3, 2006 Indonesia/3208/2006 A/Solomon
Islands/03/2006 Islands/03/2006
(HINT)-like (HINI)-ike

*With sequence confirmation.

before the collection of specimens elsewhere that yielded
influenza A (HIN1) and (H3N2) viruses that were subse-
quently recommended as WHO influenza vaccine strains
(Table 3). A/Solomon Islands/3/2006 (HINI1) virus was
first identified in August 2006; this antigenic variant
virus spread widely and was selected as the Northern
Hemisphere HIN1 vaccine component in February 2007
to replace A/New Caledonia/20/99 (HINI). An HINI
virus detected in Indonesia during March 2006 was iden-
tified as A/Solomon Islands/3/2006-like (in early 2007),
suggesting detection of this virus in Indonesia approxi-
mately 5 months earlier than the designated WHO
Northern Hemisphere vaccine strain. Similarly, a few
H3N2 viruses were identified in Indonesia earlier or at
the same time as antigenically equivalent H3N2 vaccine
strains that were recommended as WHO H3N2 vaccine
strains (A/California/7/2004-like and A/Wisconsin/67/
2005-like viruses).

Discussion

Surveillance conducted at sites across the Indonesian archi-
pelago during 2003-2007 identified a substantial propor-
tion of influenza virus infections among patients presenting
with influenza-like illness. While influenza activity was
detected year-round, the proportion of ILI patients with
influenza and predominant viruses varied from year-to-year
and geographically. There was evidence for a mixed
seasonal distribution of influenza viruses in some parts of
eastern Indonesia (Maluku and Papua). However, the
observed seasonality of influenza A virus activity among
ILI cases at our surveillance sites in most regions of Indo-
nesia, particularly in the western and middle islands which
are more densely populated, indicated a peak in December

and January, which correlates with the rainy season.
Seasonality for influenza B virus was less apparent.

Similar to our surveillance findings, influenza A (HIN1)
virus activity was low during 2003-2005 in Australia'>™"7,
Malaysials, and Thailand'’. However, in 2006, A (HIN1)
viruses were the predominant subtype in Malaysia'®, Thai-
land", and Indonesia. In 2007, A (HIN1) activity increased
in Australia?®. Between 2003 and 2007, A (H3N2) virus
was the most predominant subtype in Indonesia and in
15721 Similar to our findings, influ-
enza B viruses were less frequently detected than influenza

neighboring countries

A viruses, but still were identified in a moderately high
proportion of ILI cases in Malaysia and Thailand (approxi-
mately 20% to 40% each year)'®'", except in 2005 when B
viruses predominated in Malaysia and Indonesia (approxi-
mately 52%)'®. In Australia, influenza B virus activity was
variable during 2003-2007 (6% in 2003 to 29% in 2006
and 9% in 2007).1>71720:21

Influenza A and B viruses, including antigenically drifted
strains as observed in other countries, were also detected in
Indonesia during the surveillance period, and in a few
instances were detected earlier than designated WHO rep-
resentative reference or influenza vaccine strains. A sink-
source model in which evolution of influenza A (H3N2)
virus strains circulating in the tropics seed winter epidem-
ics in temperate region has been proposed; this model
emphasizes the importance of South-East Asia for the
emergence of new variants and novel strains.*> Although
we did not conduct comprehensive antigenic characteriza-
tion of influenza viruses circulating in Indonesia or com-
pare our limited results with global data, we believe that
improved influenza surveillance in Indonesia, the 4th most
populated country, can inform better understanding of the
evolution of influenza viruses in South-East Asia.
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Given the influenza virus seasonality observed among ILI
cases at most Indonesian sentinel sites, use of influenza
vaccine in Indonesia should target the December-January
winter seasonal peak. For this reason and the similarity
with most circulating A (HIN1) and A (H3N2) virus
strains during 2003-2007, the timing of the availability of
Northern Hemisphere influenza vaccine is best suited for
Indonesia. This timing of peak influenza activity is different
than that found in other countries in the region which also
experience year-round activity, but generally experience a
mid-year peak, although the timing of peak activity may
vary from year-to-year.'®**7>*

Historically, influenza vaccine use is quite low in Indo-
nesia with fewer than 300 000 doses administered every
year.”> With very limited data on influenza disease burden
in Indonesia and no data on cost-effectiveness of influenza
vaccination, the Ministry of Health recommends influenza
vaccine for high-risk populations such as the elderly, those
with underlying chronic diseases, Hajj pilgrims, and health-
care workers.”® The main reasons for low influenza vaccine
coverage are the cost of vaccine and the wide belief that
influenza virus infection only causes mild illness.”> Osel-
tamivir is the only antiviral for influenza used in Indonesia,
but is not widely available. Although oseltamivir has been
provided in limited quantities at government primary
health centers and hospitals since 2006, it is not available
at pharmacies and its use is restricted to treatment of per-
sons with suspected or confirmed H5N1 virus infection.”

Among samples tested, the percentage of ILI cases testing
positive for influenza viruses was highest among school-age
children in Indonesia. While health utilization data for
Indonesians of all ages with influenza-like illness are
needed, the high burden of influenza among school-age
children presenting to surveillance sites is consistent with
reports from other countries in the region and underscores
the potential of this group as a source of transmission and
the importance of influenza vaccination.”»** Furthermore,
seasonal influenza represented 21-7% of all ILI cases tested
in the inpatient setting, among which 18% were associated
with pneumonia. Since influenza diagnostic testing is gen-
erally not performed as part of clinical management of out-
patients or hospitalized patients, the findings in this work
can inform physicians in Indonesia who are not aware of
the public health impact of seasonal influenza. Further-
more, given the relatively high frequency of influenza
among hospitalized ILI patients, both healthcare personnel
and other hospitalized patients may be at risk of and con-
tribute to nosocomial influenza virus transmission; the role
of influenza vaccination and importance of infection con-
trol must be emphasized.

We identified 10 H5N1 cases from patients’ respiratory
specimens collected at hospital surveillance sites, 8:6% of
the 116 H5N1 cases reported in Indonesia during the sur-

Influenza surveillance in Indonesia

veillance period®®. Nine cases were in suspected H5NI
patients with severe illness admitted to hospitals that were
surveillance sites, while one H5N1 case presented with ILI
and was not suspected with H5N1. This highlights the
value of laboratory-based influenza surveillance to detect
human infections with seasonal influenza viruses as well as
H5N1 virus®. As our surveillance network relied upon a
convenience sample of ILI cases among outpatients and
inpatients, it is possible that other H5N1 virus infections
were missed.

We recognize several limitations to our surveillance find-
ings. First, denominator data on the catchment population
for sentinel sites were not collected and data on the total
number of outpatient and inpatient visits and total ILI cases
were not collected to calculate the incidence of ILI and
influenza. We utilized a convenience sample of ILI cases,
not a systematic sample. Therefore, influenza disease burden
could not be estimated. Nevertheless, we documented a sub-
stantial proportion of outpatients and hospitalized patients
with influenza. Second, we did not follow the outcomes of
our inpatients to estimate seasonal influenza-associated
mortality. Third, sentinel sites were selected based on the
population density. More sentinel sites existed on two
islands, Sumatra and Java in the West, and our findings
may not be representative of all of Indonesia, including less
populous eastern islands. Finally, the yield of viral isolation
was lower over the surveillance period because of cold-chain
issues and difficulties in isolating H3N2 viruses. However,
as we utilized RT-PCR as the primary method of identifica-
tion, we believe that our findings accurately reflect influenza
virus activity among our surveillance sites.

In conclusion, our findings demonstrate that influenza is
an important public health problem among outpatients
and hospitalized ILI patients in Indonesia. This has impli-
cations for understanding the public health impact of influ-
enza in tropical climates as well as the development of
policies for the use of influenza vaccines in Indonesia. In
addition to strengthening and improving epidemiological
data collection for patients with influenza, collecting more
data on influenza disease burden is needed, especially
among hospitalized patients and high-risk groups for
influenza complications. Also, data are needed on the eco-
nomic impact of influenza and the role of climactic factors
(such as absolute humidity, rainfall, and temperature) in
influenza activity and seasonality in Indonesia.

Acknowledgements

We thank all of the volunteers, clinicians, and nurses from
participating sentinel surveillance sites and the administra-
tive and laboratory staff at NIHRD, and NAMRU#2, espe-
cially Chairin Ma’roef, and Ungke Antonjaya. We thank
the Influenza Division, CDC for providing updated influ-

© 2012 Blackwell Publishing Ltd

319 |



[ Kosasih et al.

enza primers, probes, and antisera, laboratory support for
the field and laboratory surveillance activities. We also
thank Jens Levy (CDC Thailand) for critical review of the
manuscript. We dedicate this work to the memory of our
beloved colleague Dr Endang R. Sedyaningsih.

Disclaimer

The author(s) declare that they have no conflict of interest.
This work was funded in part by grants from the U.S.
Department of Defense Armed Forces Health Surveillance
Center, Division of Global Emerging Infections Surveillance
(AFHSC/GEIS) and the U.S. Centers for Disease Control
and Prevention (CDC). The views expressed are those of
the authors and do not necessarily represent the official
policies of the CDC, the U.S. Department of Defense or
the Department of the Navy.

References

1 Monto AS. Epidemiology of influenza. Vaccine 2008; 4:D45-D48.

2 Viboud C, Alonso WIJ, Simonsen L. Influenza in tropical regions.
PLoS Med 2006; 3:e89.

3 Leo VS, Lye DC, Chow A. Influenza in the tropics. Lancet Infect Dis
2009; 9:457-458.

4 Rambaut A, Pybus OG, Nelson Ml et al. The genomic and epidemio-
logical dynamics of human influenza A virus. Nature 2008;
453:615-619.

5 Russell CA, Jones TC, Barr IG et al. The global circulation of sea-
sonal influenza A (H3N2) viruses. Science 2008; 320:340-346.

6 Sedyaningsih ER, Isfandari S, Setiawaty V et al. Epidemiology of
cases of H5N1 virus infection in Indonesia, July 2005-June 2006.
J Infect Dis 2007; 196:522-527.

7 Kandun IN, Tresnaningsih E, Purba WH et al. Factors associated
with case fatality of human H5N1 virus infections in Indonesia:
a case series. Lancet 2008; 372:744-749.

8 Simmerman JM, Lertiendumrong J, Dowell SF et al. The cost of
influenza in Thailand. Vaccine 2006; 24:4417-4426.

9 Simmerman JM, Uyeki TM. The burden of influenza in East and
South-East Asia: a review of the English language literature. Influ-
enza Other Respi Viruses 2008; 2:81-92.

10 Beckett CG, Kosasih H, Ma'roef C et al. Influenza surveillance in
Indonesia: 1999-2003. Clin Infect Dis 2004; 39:443-449.

11 Zhang WD, Evans DH. Detection and identification of human influ-
enza viruses by the polymerase chain reaction. J Virol Methods
1991, 33:165-189.

12 Hobson D, Curry R, Beare A, Ward-Gardner A. The Role of serum
haemagglutination-inhibition antibody in protection against chal-
lenge infection with influenza A2 and B viruses. J Hyg 1972;
70:767-777.

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

World Health Organization. Recommendations and laboratory pro-
cedures for detection of avian influenza A(H5N1) virus in specimens
from suspected human cases. Available at: http://Awww.who.int/
influenza/resources/documents/RecAllabtestsAug07.pdf (Accessed 1
May 2012).

Gaush CR, Smith TF. Replication and plaque assay of influenza virus
in an established line of canine kidney cells. Appl Microbiol 1968;
16:588-594.

Yohannes K, Roche P, Hampson A, Miller M, Spencer J. Annual report
of the national influenza surveillance scheme, 2003. Commun Dis
Intell 2004; 28:160-168.

Li J, Hampson A, Roche PW, Yohannes K, Spencer JD. Annual
report of the national influenza surveillance scheme, 2004.
Commun Dis Intell 2005; 29:125-136.

Firestone SM, Barr IG, Roche PW, Walker JC. Annual report of the
national influenza surveillance scheme, 2005. Commun Dis Intell
2006; 30:189-200.

Saat Z, Abdul Rashid TR, Yusof MA et al. Seasonal influenza virus
strains circulating in Malaysia from 2005 to 2009. Southeast Asian J
Trop Med Public Health 2010; 41:1368-1373.

Chittaganpitch M, Supawat K, Olsen SJ et al. Influenza viruses in
Thailand: 7 years of sentinel surveillance data, 2004-2010. Influ-
enza Other Respir Viruses 2011; 6:276-283.

Owen R, Barr IG, Pengilley A et al. Annual report of the national
influenza surveillance scheme, 2007. Commun Dis Intell 2008;
38:208-226.

O'Brien K, Barr IG. Annual report of the national influenza surveil-
lance scheme, 2006. Commun Dis Intell 2007; 31:167-179.
Simmerman JM, Chittaganpitch M, Levy J. Incidence, seasonality
and mortality associated with influenza pneumonia in Thailand:
2005-2008. PLoS ONE 20009; 4:e7776.

Blair PJ, Wierzba TF, Touch S et al. Influenza epidemiology and
characterization of influenza viruses in patients seeking treatment
for acute fever in Cambodia. Epidemiol Infect 2010; 138:199-2009.
Nguyen HT, Dharan NJ, Le MT et al. National influenza surveillance
in Vietnam, 2006-2007. Vaccine 2009; 28:398-402.

Tan. Dokter Keluarga bisa perluas cakupan imunisasi dewasa.
Farmacia 2011; 10:64. Available at: http://www.majalah-farmacia.
com/rubrik/onenews.asp?IDNews=2194 (Accessed 1 May 2012).
Dirjen BUK. Imunisasi influenza untuk anak dan dewasa. HTA
Indonesia 2003; 19:1-22. http://buk.depkes.go.id/index.php?option=
com_docman&task=doc_details&gid=2588&ltemid=58

Narulita Y. Gambaran pelaksanaan majaemen logistik antiviral dalam
penanganan flu burung di propinsi Banten tahun 2005-2008. Under-
graduate thesis, for Public Health Faculty 2008; University of Indone-
sia: 1-86.

World Health Organization. Avian influenza — situation in Indonesia
— update 28 26 December 2007. Available at: http://www.who.int/
csr/don/2007_12_26/en/index.html (Accessed 1 May 2012).

Brooks WA, Alamgir AS, Sultana R et al. Avian influenza virus A
(H5N1), detected through routine surveillance, in child, Bangladesh.
Emerg Infect Dis 2009; 15:1311-1313.

| 320

© 2012 Blackwell Publishing Ltd



